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This	 thesis	 aimed	 to	 deepen	 understanding	 of	 the	 potential	 health	 benefits	 of	 urban	
greenspace,	 by	 identifying	 associations	 between	 different	 greenspace	 characteristics	 and	
mental	wellbeing.	A	systematic	literature	review	revealed	that,	while	local	area	greenspace	
is	 adequately	 associated	 with	 life	 satisfaction,	 evidence	 for	 other	 characterisations	 of	




A	 first	 study	 of	 local	 area	 greenspace	 and	mental	wellbeing	 in	 England,	 using	 data	 from	
31,000	 individuals	 in	 the	 UK	 Household	 Longitudinal	 Study	 survey	 and	 greenspace	









the	 data,	 revealed	 slight	 variation	 in	 the	 strength	 of	 these	 associations	 across	 the	 study	
space.		
	
The	 final	 study,	which	 characterised	 greenspace	 by	 type	 and	 accessibility	 on	 foot,	 found	
natural	greenspace	to	be	positively	associated	with	hedonic	wellbeing,	but	not	eudaimonic	













































































and	 population	 growth;	 in	 the	 UK,	 this	 figure	 now	 exceeds	 80%	 [1].	 With	 urbanisation	
increasing,	 living	patterns	 are	 changing	around	 the	globe.	 Land	 itself	 is	 at	 a	premium,	 so	
policy	makers	and	planners	are	 increasingly	challenged	to	accommodate	new	residents	 in	
effective	 and	 positive	 ways	 [2].	 These	 changes	 may	 also	 have	 health	 and	 wellbeing	
consequences	for	those	living	in	urban	environments.		Interest	in	the	health	effects	of	cities	
can	be	 seen	 in	early	urban	planning	 in	 the	19th	 century,	when	 conditions	were	 cramped,	
polluted	 and	 rife	 with	 disease	 [3].	 While	 many	 contagious	 diseases	 have	 largely	 been	
eradicated	or	controlled,	particularly	in	the	developed	world,	chronic	illnesses	are	becoming	
more	 prevalent	 in	 these	 settings,	 partly	 due	 to	 lifestyles	 and	 living	 conditions	 [4].	 In	







the	 heart	 of	 planning,	 covering	 aspects	 of	 physical,	 mental,	 social	 and	 cultural	 health.	





















that,	 in	 his	 opinion,	 it	 is	 ‘impossible	 to	 separate	 the	 life	 and	 design	 of	 the	 city	 from	 the	
attempt	to	understand	happiness,	to	experience	it,	to	build	it	for	society’	[7][p16].		
	
Economic	 interest	 in	designing	health-promoting	environments	 is	also	growing.	Estimates	
suggest	that	mental	illness	is	one	of	the	leading	components	of	years	lived	with	disability,	
accounting	 for	over	30%	of	 the	burden	 [5].	 This	 is	 amongst	 the	 reasons	provided	 for	 the	
creation	 of	 the	 new	 Beyond	 GDP	 initiative,	 an	 EU-level	 measure,	 designed	 to	 be	 more	








the	 salutogenic	 (health-promoting)	effects	of	 greenspace	 (areas	of	 grass,	 trees	and	other	
vegetation).	 The	United	Nations’	 Sustainability	Goals	 (SDGs),	 announced	 in	 2015,	 include	
both	 providing	 access	 to	 greenspaces,	 and	 improving	 health	 and	 wellbeing,	 in	 order	 to	




[sic]’.	 	 Further,	 the	World	Health	Organisation,	 in	 the	2016	 review	of	 evidence	on	Urban	
green	 spaces	 and	 health	 also	 states	 that	 such	 spaces	 are	 a	 necessary	 component	 for	
delivering	healthy,	sustainable,	liveable	conditions	[10].	This	report	emphasises	the	scope	to	












over	 recent	 years.	 	 There	 is	 a	 growing	 body	 of	 evidence	 that	 places	may	 influence	 how	
individuals	feel,	with	many	people	able	to	relate	to	environments	which	causes	stress	and	




This	 expanding	 literature	 on	 the	 health	 effects	 of	 place	 has	 emphasised	 that	 local	
circumstances	are	 important	 in	understanding	 individual	wellbeing	outcomes.	Drawing	on	




divide	 in	health	 inequalities	within	 the	UK,	 as	 the	 local	 environment	has	 the	potential	 to	
improve	both	health	and	healthy	behaviours	[13].	However,	traditional	research	on	health	
disparities	 has	 focussed	 on	 individuals,	 rather	 than	 the	 environments	 to	 which	 they	 are	
exposed,	both	physically	and	socially.	Earlier	research	has,	whether	intended	or	not,	often	













more	 complex	 than	 simply	 the	 result	 of	 where	 people	 live,	 but	 may	 also	 reflect	 and	
exacerbate	wider	health	inequalities.		
	
Researchers	 also	emphasise	 the	necessity	of	 taking	 advantage	of	 the	 growing	number	of	
population	surveys	in	the	UK,	which	allow	for	larger	scale	analyses	of	individuals	and	their	
environment	 [16].	 National	 coverage	 may	 also	 provide	 insight	 into	 local	 and	 regional	
variations,	 thereby	 capturing	more	 complex	 interactions	 between	 people	 and	 the	 places	
themselves	[14].	The	increase	in	data	availability	also	now	provides	a	range	of	more	specific	







that	 local	and	 individual	associations	with	place	may	differ	 substantially;	 this	 is	known	as	
ecological	 fallacy,	where	area	effects	 are	assumed	 to	 reflect	 individual-level	 relationships	
[15].	Area-level	differences	in	health	therefore	cannot	necessarily	be	interpreted	as	place-
base	effects	on	 individuals,	 and	only	by	 combining	 individual	 and	area	measures	 can	 the	
outcomes	 of	 residential	 environment	 and	 personal	 circumstance	 be	 separated	 [18].	
MacIntyre	 goes	 on	 to	 suggest	 that	 improvements	 in	 public	 health	 may	 be	 achieved	 by	
focusing	 on	 specific	 features	 of	 both	 places	 and	 the	 people	 who	 inhabit	 them	 [17].	
Furthermore,	Cummins	argues	that	studies	should	be	hypothesis-driven	in	order	to	identify	
which	 specific	 features	 of	 places	 may	 be	 related	 to	 relevant	 health	 outcomes,	 thereby	
furthering	 understanding	 of	 how	 far	 relationships	 between	 people	 and	 places	 are	
generalisable,	 or	 indeed	 variable,	 across	 whole	 populations	 [14].	 Identifying	 the	 specific	
mechanisms	 through	 which	 places	 affect	 health,	 as	 well	 as	 quantifying	 their	 impact,	 is	
important	 not	 only	 for	 strengthening	 causal	 inferences	 but	 also	 for	 identifying	 potential	









and	 processes	 of	 nonhuman	 origin	 [19])	 in	 particular	 [20];	 the	 theory	 of	 biophilia,	 first	
proposed	by	Wilson	in	the	1980s,	literally	means	‘love	of	living	systems’	and	as	such	proposes	










greenspace	 and	 mental	 wellbeing	 (positive	 mental	 health)	 specifically	 remains	 relatively	
unexplored	[16,	27-30].			
	
Building	on	 this	evolutionary	model,	Prospect-Refuge	 theory	 suggests	 that	an	 individual’s	
benefit	 from	 environments	 may	 depend	 on	 their	 inclination	 towards	 either	 wide	 vistas	





argues,	 however,	 that	 this	 view	 is	 overly	 simplistic;	 she	 proposes	 that	 the	 relationship	
between	nature	and	humans	is	innately	complex,	and	relates	to	the	interaction	of	physical,	
biological	and	cultural	features	of	an	environment	[33].	Where	these	qualities	combine,	they	
may	 promote	 physical,	 mental	 and	 spiritual	 wellbeing	 in	 what	 can	 be	 described	 as	 a	
therapeutic	 landscape.	While	the	theory	of	such	 landscapes	continues	to	evolve,	 they	are	
generally	considered	to	have	the	potential	to	not	only	heal	those	experiencing	ill-health,	but	
have	health-promoting	effects	on	all	individuals	[34].	Although	therapeutic	landscapes	may	
have	 individual	meaning	 and	 form,	 the	natural	 environment	 is	 thought	 to	be	particularly	






Humans	are	at	 the	heart	of	planning.	 Environments	are	designed	and	created	 for	human	
activities:	 living,	 working	 and	 socialising.	 It	 therefore	 follows	 that	 design	 which	 aims	 to	






By	 investigating	 which	 aspects	 of	 greenspace	 are	 associated	 with	 mental	 wellbeing	 and	




The	 overall	 aim	 of	 this	 thesis	 was	 to	 investigate	 the	 complex	 relationship	 between	










































urban	 areas	 is	 enabled	 through	 the	 provision	 of	 greenspaces.	 Previous	 research	 has	








Taking	 advantage	 of	 large-scale,	 population	 data	 sets,	 including	 the	 UK	 Household	
Longitudinal	Panel	Survey	(UKHLS)	[35]	and	the	Annual	Population	Survey	(APS)	[36],	it	was	
possible	to	link	land	use	data	to	both	individuals’	local	geographic	area	(Lower	Layer	Super	
Output	Area,	 LSOA)	and	 then,	more	 specifically,	 to	 their	post	 code,	 to	 conduct	 large	and	
robust	 analyses.	The	APS	 in	 particular	 is	 an	 ongoing	 data	 collection,	which	 contains	 very	




respondents.	 It	measures	mental	wellbeing	 in	 three	ways:	 life	satisfaction,	happiness	and	




collection	 boundary,	 which	 may	 not	 reflect	 their	 real-world	 neighbourhood,	 as	 well	 as	





areas	 in	 London,	 also	 assigning	 them	 a	 type	 category	 based	 on	 UK	 Planning	 Guidance	
classifications.	 These	 are	 provided	 as	 GIS	 (Geographic	 Information	 System)	 shapefiles,	
thereby	 allowing	 the	 amounts	 and	 types	 of	 greenspace	 surrounding	 individuals’	 homes,	
either	within	a	radius	or	set	walking	distance,	to	be	accurately	measured.		
	





preliminary	 analyses.	 The	 linear	 regression	 calculation	 assumes	 that	 observations	 are	
statistically	independent;	spatial	autocorrelation	is	common	in	studies	relating	to	land	and	
people	when	they	are	clustered	in	different	areas,	meaning	that	survey	participants	are	likely	
to	 be	 more	 similar	 than	 would	 be	 expected	 by	 chance.	 Therefore,	 spatial	 modelling	
techniques	(including	Geographically	Weighted	Regression	and	Spatial	Error	Models)	were	
applied	 to	 adjust	 for	 these	 spatial	 patterns	 and	 allow	 a	 statistically	 sound	 association	
between	greenspace	and	mental	wellbeing	to	be	estimated.	These	methods	also	specify	the	
amount	 of	 geospatial	 variation	 within	 the	 data,	 which	 provides	 further	 context	 for	
interpreting	these	results.		
	













This	 thesis	 is	 structured	 by	 chapters	 designed	 to	 address	 the	 specific	 research	 questions	
outlined	above.	Here	 in	Chapter	1,	 the	 introduction	has	described	the	concept	of	healthy	
urban	design	and	the	current	interest	in	creating	greener	cities	to	promote	mental	wellbeing.		
	
Chapter	 2	 introduces	 and	 defines	 concepts	 of	 greenspace	 and	 mental	 wellbeing	 and	
discusses	how	these	have	previously	been	conceptualised	and	measured.	Background	about	
the	 existing	 evidence	 for	 the	 association	 between	 greenspace	 and	 mental	 wellbeing	 is	




and	 conceptualised	 in	 previous	 research,	 and	 therefore	what	 is	 the	 existing	 evidence	 for	
associations	 with	 validated	 mental	 wellbeing	 measures?)	 and	 comprises	 a	 systematic	




cover	 type,	 views	 of	 greenspace,	 visits	 to	 greenspace,	 greenspace	 accessibility,	 and	
subjective	connection	to	nature.	Results	suggest	a	potential	association	between	different	
greenspace	 characteristics	 and	 mental	 wellbeing	 measures,	 though	 further	 research	 is	
required	to	implement	validated,	multidimensional	wellbeing	indicators.		
	








the	 linear	 association	 between	 greenspace	 prevalence	 and	 mental	 wellbeing	 was	
confounded	by	individual	level	factors	and	urban-rural	location.	The	analysis	suggests	that	
the	association	between	greenspace	and	mental	wellbeing	may	be	more	complex	than	can	
be	 detected	 using	 arbitrary	 boundaries,	 which	 impose	 unrealistic	 restrictions	 on	 the	
individuals.	This	study	was	published	in	BMC	Public	Health	in	May	2017	[38].	
	

















regression	models	 revealed	 that	 access	 to	 greater	 amounts	 of	 natural	 greenspace	 had	 a	
positive	 association	 with	 life	 satisfaction	 and	 happiness,	 while	 the	 amount	 of	 parks	 was	
associated	with	 increased	 sense	 of	worth.	 Spatial	 Error	Models	were	 then	 calculated,	 to	
adjust	for	clustering	in	the	linear	model	residuals.	Results	revealed	that	natural	greenspace	
was	positively	and	statistically	significantly	associated	with	life	satisfaction	and	happiness,	
but	not	 sense	of	worth.	These	 results	emphasise	 the	potential	 importance	of	nature	and	
begin	to	provide	some	evidence	that	natural	greenspace	may	be	more	important	for	some	


































as	 ‘public	 green	 areas…used	 predominantly	 for	 recreation’.	 These	may	 therefore	 include	
formal	parks	and	gardens,	 forests	and	natural	areas	[41];	and	whereas	some	authors	also	
include	private	gardens	[16],	others	restrict	their	studies	to	 just	formally	designated	open	
spaces	[42].	Some	bodies	 further	refine	their	 terminology	to	only	 include	spaces	 in	urban	
environments	[43].	
	
While	most	 definitions	 refer	 to	 environments	which	 are	 specifically	 green	 (comprised	 of	







greenspace	 are	 concerned	 with	 the	 benefits	 of	 exposure	 to	 nature	 within	 urban	
environments	 [19].	 The	 term	 ‘nature’	 has	 been	 used	 variously	 to	 describe	 environments	


























With	 a	 growing	 understanding	 of	 the	 potential	 benefits	 of	 exposure	 to	 greenspace,	
governments	 and	 non-governmental	 organisations	 (NGOs)	 in	 the	 UK	 and	 elsewhere	 are	
increasingly	advising	on	the	incorporation	of	greenspace	into	urban	environments.	A	recent	
UK	Government	White	Paper,	entitled	‘Spatial	Planning	for	Health’,	informed	by	a	review	of	
existing	 literature,	 emphasised	 the	 importance	 of	 access	 to,	 and	 engagement	 with,	 the	
‘natural	environment’	but	did	not	make	any	specific	recommendations	for	the	promotion	of	
health	[11].	The	World	Health	Organisation	also	maintains	that,	while	urban	greenspaces	are	
a	 ‘necessary	 component	 for	 delivering	 healthy,	 sustainable,	 liveable’	 cities,	 the	 required	
‘dose’	and	proximity	to	greenspace	for	health	benefits	is	still	to	be	determined	[10].		
	






of	 environments	 ‘where	people	want	 to	 live	 and	work’,	 rather	 than	being	 specifically	 for	
health	promotion	[50][p9].	No	research	has	yet	examined	whether	this	distance	is	optimal	




access	 to	 greenspace	 in	 the	 UK.	 This	 Standard	 also	 advises	 on	 the	 types	 and	 sizes	 of	
greenspace	 which	 should	 be	 provided	 at	 different	 scales,	 based	 on	 acceptable	 walking	







• a	 minimum	 of	 one	 hectare	 of	 statutory	 Local	 Nature	 Reserves	 per	 thousand	
population.	
	
Despite	 these	 recommendations,	 current	 planning	 policy	 does	 not	 include	 any	 specific	







The	World	Health	Organisation,	 since	 its	 inception	 in	 1946,	 defines	 health	 as,	 ‘a	 state	 of	
complete	physical,	mental	and	social	well-being	[sic],	not	merely	an	absence	of	disease	or	
infirmity’	 [52][p10].	 Mental	 wellbeing	 is	 therefore	 a	 measure	 of	 positive	 mental	 health,	








wellbeing	 with	 the	 positive	 emotional	 states	 that	 accompany	 satisfaction	 of	 desire;	
therefore,	experiences	of	pleasure,	enjoyment,	and	cheerfulness	were	considered	reflective	
of	wellbeing.	Simply,	they	theorised	a	subjective	pursuit	of	wellbeing,	whereby	humans	seek	









Modern	 researchers,	 however,	 generally	 consider	 hedonia	 and	 eudaimonia	 to	 be	 two	
domains,	or	components,	of	more	complex	mental	wellbeing	[53].	Huta	and	Ryan	argue	that	




hedonic	 and	eudaimonic	 dimensions	 to	be	different	 and	 complementary	 contribution’	 to	
mental	wellbeing	[57].	Ryan	and	Deci	conclude	that	wellbeing	is	best	conceived	as	a	multi-
dimensional	 phenomenon	 that	 includes	 aspects	 of	 both	 the	 hedonic	 and	 eudaimonic	
perspectives;	 these	 components	 are	 at	 once	 overlapping	 and	 distinct	 and	 as	 such,	 an	
understanding	of	wellbeing	may	be	enhanced	by	measuring	both	[53].	
	
Therefore,	 rather	 than	 just	 an	 absence	 of	 symptoms	 of	 distress,	 mental	 wellbeing	

















Similarly,	 the	 UK’s	 Office	 of	 National	 Statistics	 developed	 their	 own	Measuring	 National	
Wellbeing	questionnaire,	designed	for	application	in	larger	populations.	It	is	part	of	a	broader	














an	 optimal	 state	 of	 human	 function,	 both	 psychologically	 and	 socially.	 People	 whose	
multidimensional	mental	wellbeing	is	flourishing	experience	positivity,	emotional	resilience	
and	personal	growth;	conversely,	those	at	the	lowest	end	are	said	to	be	‘languishing’,	who	















For	 individuals,	 the	 traditional	 ‘hedonic	 treadmill’	 theory	 proposes	 that	 people	 have	 an	
inherent	‘set-point’	of	wellbeing,	around	which	their	mental	health	will	oscillate	over	time,	
within	a	specific	range	that	is	different	for	each	person	[65].	This	may	be	due	in	part,	to	the	
fact	 that	 personality	 traits	 (which	 are	 stable	 throughout	 life	 course)	 are	 thought	 to	 be	






In	 particular,	 he	 proposes	 that	 interventions	 to	 increase	 happiness	 can	 be	 effective,	 for	
changes	 targeted	 at	 the	 individual,	 organisational,	 or	 even	 societal	 level	 [65],	 as	
conceptualised	in	Figure	2.3.	In	relation	to	cities,	this	therefore	implies	that,	in	understanding	

























Mental	 wellbeing	 is	 evidently	 important	 for	 individuals,	 with	 those	 with	 better	 mental	
wellbeing	 demonstrating	 improved	 attention,	 intuition	 and	 creativity,	 while	 physically	
improving	 faster	 after	 cardiovascular	 exertion	and	displaying	 increased	 resilience	 to	both	
stress	and	pain	[62,	70].	In	the	UK,	results	from	the	2015	Annual	Population	Survey	showed	
that,	while	mental	wellbeing	had	on	average	increased	over	recent	years,	the	divide	between	
those	 rating	 their	 personal	 wellbeing	 at	 the	 highest	 and	 lowest	 levels	 had	 also	 grown,	
indicating	a	wellbeing	 inequality	which	needs	to	be	addressed	 [71].	At	a	population	 level,	
improved	average	wellbeing	may	increase	life	expectancy,	productivity	and	prosperity	[62].	
Therefore,	 it	 may	 be	 theorised	 that	 improving	 the	 country’s	 mental	 wellbeing	 through	





































Emerging	 evidence	 suggests	 that	 aspects	 of	 the	 physical	 environment,	 and	 exposure	 to	
nature	in	particular,	are	often	associated	with	improved	indicators	of	mental	wellbeing,	such	
as	higher	levels	of	happiness	and	life	satisfaction	[16,	27,	28].	Hartig	et	al.	argue	that	research	
increasingly	 reflects	 concerns	 that	 urbanisation,	 environmental	 degradation,	 and	 lifestyle	




and	 people	 feel	 more	 relaxed,	 less	 stressed,	 happier	 and	 able	 to	 concentrate	 better,	
following	exposure	to	green	environments	[19,	40,	72].	However,	the	association	between	






























77],	 rather	 than	 directly	 restoring	 attention.	 Ulrich	 based	 his	 theory	 on	 the	 human	
preference	for	natural,	rather	than	built,	 landscapes,	in	particular	those	with	a	wide	vista,	
sufficient	complexity,	and	low	perceived	levels	of	threat	[77].	In	testing	this	theory,	Ulrich	
compared	responses	to	 images	of	natural	and	urban	 landscapes,	 finding	that	exposure	to	
natural	scenes	had	a	positive	 influence	on	emotional	and	psychological	states,	which	was	
most	pronounced	for	those	experiencing	stress	and	anxiety.	 Interestingly,	although	urban	
environments	 were	 found	 to	 be	 less	 preferable,	 responses	 improved	 if	 trees	 or	 other	
vegetation	became	visible	in	the	same	landscape	[77].	Ulrich	therefore	also	emphasised	how	
designated	 greenery	 is	 important	 in	 built-up	 areas,	 to	 break	 up	 the	 monotony	 and	 add	
interest,	 hence	 helping	 to	 reduce	 stress.	 Further	 validation	 studies	 have	 shown	 that	
prevalence	of	local	area	greenspace	may	act	as	a	buffer	between	stressful	events	and	health,	
with	 individuals	 living	 in	 greener	 neighbourhoods	 reporting	 less	 stress	 after	 a	major	 life	
event,	compared	to	those	in	less	green	areas		[78],	while	individuals	may	actively	seek	out	

























encourage	 feelings	 of	 happiness	 and	 promote	mental	wellbeing	 [89],	 studies	 differ	 as	 to	
whether	 exercising	 itself	 is	 a	 mechanism	 which	 facilitates	 the	 association	 between	
greenspace	and	 improved	mental	 health	 and	wellbeing	 [83,	 86,	 90].	Despite	 this,	 studies	
which	directly	compare	the	benefits	of	exercising	indoors	versus	outside	in	greenspace	have	
demonstrated	 that	 the	 latter	 may	 more	 greatly	 benefit	 health.	 One	 systematic	 review	
concluded	 that,	 compared	with	 training	 indoors,	 exercising	 in	 natural	 environments	 was	
associated	 with	 greater	 feelings	 of	 revitalisation	 and	 positive	 engagement,	 decreases	 in	









interaction	and	hence	 increasing	 levels	of	social	support	 [40,	93].	There	 is	much	evidence	
that	having	good	social	connections	 is	beneficial	 for	mental	wellbeing	[94]	and	a	growing	
body	of	 evidence	 that	 this	may	mediate	associations	with	 greenspace	 [19].	 	 Cattell	 et	 al.	
argue,	 from	 findings	 in	 their	 qualitative	 study,	 that	 social	 interaction	 in	 greenspaces	 can	
provide	 escape	 from	 daily	 routines,	 improved	 sense	 of	 community,	 opportunities	 for	
sustaining	 bonding	 friendships	 or	 making	 new	 acquaintances	 and,	 more	 broadly,	 can	
influence	 tolerance	 and	 raise	 people's	 spirits	 [95].	 Less	 greenspace	 in	 people's	 living	
environment	 has	 been	 shown	 to	 coincide	 with	 feelings	 of	 loneliness	 and	 a	 perceived	
shortage	of	social	support,	with	results	suggesting	that	such	issues	may	partly	mediate	the	
association	between	greenspace	and	wellbeing	[93],	with	loneliness	in	particular	negatively	
related	 to	 positive	 affect	 and	 life	 satisfaction	 [96].	 	 From	 an	 individual-level	 perspective,	




greenness	 of	 a	 neighbourhood	 [97],	 while	 de	 Vries	 et	 al.	 demonstrated	 a	 relationship	
between	greener	streets	and	social	cohesion	in	a	neighbourhood,	both	for	the	quantity	and,	





In	a	 review	of	 the	 literature	on	nature	and	health,	Hartig	et	al.	 also	 suggested	 that	 trees	
within	greenspace	can	reduce	some	pollutants	and	particulates,	which	improves	ambient	air	











health,	 in	 particular	 the	 pathways	 through	 which	 the	 association	 may	 operate.	 Their	
conceptual	diagram	is	presented	in	Figure	2.4,	simplified	to	represent	the	characteristics	of	
greenspace	and	individuals	relevant	to	this	thesis.	This	demonstrates	how	having	access	to	
greenspace	 increases	 exposure,	 while	 individual	 characteristics,	 as	 well	 as	 those	 of	 the	
greenspace	 itself,	may	moderate	 the	exposure,	 through	opportunity,	personal	motivation	
and	ease	of	use.	In	this	way,	moderating	factors	can	affect	the	strength	or	direction	of	the	























































































































Mental	 wellbeing,	 specifically	 comprising	 both	 hedonic	 and	 eudaimonic	 dimensions,	 is	 a	
fairly	recent	area	of	study	within	the	field	of	health	and	wellbeing	in	the	built	environment.	
As	demonstrated	by	Hartig	et	al.,	the	body	of	research	is	expanding,	with	only	2	papers	on	
‘nature	 and	 health’	 published	 in	 the	 1990s,	 growing	 to	 34	 between	 2000	 and	 2009	 [19].		
Studies	 of	mental	wellbeing	 often	 rely	 on	 subjective	measures	 of	 the	 built	 environment,	
rather	than	the	more	robust	evidence	found	in	the	fields	of	health	or	applied	geography	[4].	
Burton	suggests	that	this	may	be	due,	in	part,	to	the	disciplines	of	architecture	and	urban	
planning	 being	 traditionally	 based	more	 on	 creativity	 than	 empirical	 evidence,	 therefore	








tool,	designed	 to	measure	 individuals’	 symptoms	of	psychiatric	distress.	Although	mental	
wellbeing	is	much	more	complex	than	merely	the	absence	or	improvement	of	symptoms	of	
distress,	 studies	 using	 this	 tool	 are	 often	 incorrectly	 cited	 as	 investigations	 of	 mental	
















etc),	 surveys	 which	 include	 items	 on	 multi-dimensional	 mental	 wellbeing	 are	 much	 less	
common.	 Therefore,	 conducting	 analyses	 on	mental	wellbeing	 is	 limited	 by	 current	 data	
availability,	or	alternatively	researchers	having	the	means	to	implement	large	scale	surveys	
themselves.	However,	both	the	UK	Longitudinal	Household	Panel	Study	(since	2005)	and	the	









councils,	 for	 example	 in	 London	 [104],	 or	 alternatively	 spatially	 aggregated	 to	 local	













95%	 chance	 that	 the	 value	 is	 a	 true	 representation	 of	 the	 phenomena	 (p	 <	 0.05)	 in	 a	








consideration	 of	 potentially	 confounding	 factors	 (including	 demographic,	 socioeconomic	
status,	and	lifestyle)	may	complicate	the	analytical	process	and	limit	the	generalisability	of	
findings.	In	addition,	particularly	when	applying	data	from	national	surveys,	the	robustness	
of	 research	 outcomes	 is	 restricted	 by	 the	 individual-level	 questionnaire	 data	 available.	
Therefore,	it	is	important	to	adjust	for	as	many	potentially	confounding	factors	as	possible	

















who	prefer	 living	 in	 a	 greener	 environment,	 or	 even	 value	 greenspace	more	 highly,	may	
choose	to	live	in	areas	with	more	greenspace	[106],	for	example.	Similarly,	those	with	better	















Reverse	causality	 refers	 to	 the	direction	of	association;	 in	 this	context,	 it	 is	assumed	that	





after	 the	 living	 neighbourhood	 becomes	 greener,	 either	 through	 an	 intervention	 or	
relocation),	 the	risk	may	be	reduced	 in	cross-sectional	 research	by	again	accounting	 for	a	
wide	range	of	potentially	confounding	factors,	such	as	income	and	local	area	deprivation	in	




Individual	 and	 land	 use	 data	 are	 both	 spatial	 in	 nature,	 and	 therefore	 studying	 these	
phenomena	is	inherently	complex	[14].	Spatial	heterogeneity	occurs	where	such	features	are	
unevenly	distributed	across	space,	which	adds	an	additional	level	of	complication	to	analyses	
where	 variation	 and	 clustering	 is	 discovered	 at	 a	 statistically	 significant	 level,	 hence	
observations	 become	 non-independent.	 Methods	 which	 account	 for	 both	 the	 physical	
attributes	 and	 the	 spatial	 nature	 of	 these	 processes	 may	 allow	 the	 compositional	 and	
contextual	factors	in	these	relationships	to	be	disentangled,	where	composition	relates	to	
specific	properties	of	the	physical	environment	at	the	individual	level,	while	context	focuses	
on	 social	 and	 economic	 nuances	 [17,	 110].	 	 Throughout	 the	 studies	 in	 this	 thesis,	 the	
















authorities	 are	 responsible	 for	 providing	 access	 to	 the	 natural	 environment	 [112],	 and	
guidelines	recommend	that	all	 residents	should	 live	within	300m	of	at	 least	2	hectares	of	




‘greenspace’	 are	 often	 used	 interchangeably	 [28,	 45-48];	 ‘greenspace’	 is	 more	 inclusive,	
referring	to	areas	of	grass,	trees	or	other	vegetation	[49],	and	can	be	used	to	describe	both	
surrounding	 greenness	 in	 the	 countryside,	 and	 spaces	 managed	 or	 reserved	 in	 urban	




there	 is	 limited	 evidence	 for	 clear	 benefits;	 many	 studies	 use	 unvalidated	 measures	 or	
proxies	such	as	mental	distress	or	quality	of	life,	rather	than	considering	mental	wellbeing	as	














include	 no	 studies	measuring	mental	 wellbeing	 per	 se,	 but	 provide	 further	 evidence	 for	
reduced	mental	distress	in	greener	neighbourhoods	[24].	Similarly,	Gascon	et	al.’s	review	of	
‘Mental	Health	Benefits’	of	long-term	greenspace	exposure	includes	some	studies	of	aspects	
of	 mental	 wellbeing,	 but	 focusses	 mainly	 on	 measures	 of	 mental	 distress,	 rather	 than	
positive	 mental	 health	 [101].	 It	 is	 therefore	 believed	 this	 is	 the	 first	 review	 to	 examine	







The	aim	of	 this	 review	was	 therefore	 to	synthesise	quantitative	evidence	 for	associations	








(available	 online	 at	 https://www.crd.york.ac.uk/prospero/,	 ID:	 CRD42016041377)	 and	
followed	 guidance	 from	York’s	 Centre	 for	 Research	 and	Dissemination	 and	 the	 Cochrane	
Handbook	 for	 Systematic	 Reviews	 [115,	 116].	 A	 search	 strategy	 was	 developed	 with	 an	
information	 specialist,	undertaken	by	one	 reviewer,	 supported	by	a	 second,	 independent	
reviewer.	 The	 following	 databases	 were	 searched:	 Applied	 Social	 Sciences	 Index	 and	
Abstracts	 (ASSIA),	 American	 Psychological	 Association	 (PsychInfo),	 National	 Center	 for	
Biotechnology	 Information	 (PubMED),	 Elsevier’s	 Scopus,	 and	 Web	 of	 Science	 (WOS).	
Common	 keywords	 relating	 to	 greenspace	 and	mental	 wellbeing	 were	 derived	 from	 the	
literature,	refined	following	a	trial	search	in	each	database;	this	created	a	final	set	of	terms	
for	 greenspace	 (greenspace(s),	 green	 space(s),	 open	 space(s),	 green,	 greener,	 nature,	






















































mental	 wellbeing,	 ascertained	 using	 a	 validated	 measure	 of	 hedonic	 and/or	 eudaimonic	
mental	wellbeing,	or	one	or	more	aspects	of	these	(e.g.	life	satisfaction,	happiness,	quality	






After	 identifying	 eligible	 papers,	 study	 contents	 were	 evaluated	 by	 extracting:	 authors,	





the	 Newcastle-Ottawa	 Scale	 (NOS),	 adapted	 for	 longitudinal	 and	 cross-sectional	 studies,	
alongside	the	Cochrane	Risk	of	Bias	(RoB)	tool	for	controlled	studies	[117,	118].	The	criteria	







papers	 analysed	 using	 the	 NOS,	 across	 three	 domains:	 Selection	 (representativeness	 of	
sample,	 treatment	 of	 non-respondents),	 Comparability	 (between	 exposure	 groups)	 and	









Six	 types	 of	 study	 were	 identified,	 according	 to	 the	 characterisation	 of	 greenspace:	 (a)	
amount	of	local	area	greenspace,	most	commonly	the	proportion	of	local	areas	covered	by	
greenspace;	 (b)	 greenspace	 type;	 (c)	 views	 of	 greenspace;	 (d)	 visits	 to	 greenspace;	 (e)	





and	 mental	 wellbeing	 was	 classified	 according	 to	 the	 consistency,	 strength	 and	




but	with	 inconsistent	findings);	 Inadequate	 (associations	reported	in	one	or	more	studies,	









	Among	 these,	 4	 were	 controlled	 case	 studies	 and	 a	 further	 6	 were	 longitudinal	 cohort	
studies;	 there	was	one	ecological	 analysis,	 4	 uncontrolled	 case	 studies,	 the	 remaining	37	
were	cross-sectional	surveys.	Two	studies	were	international,	31	were	restricted	to	Europe,	
15	just	in	the	UK;	5	were	based	in	the	USA	with	another	6	in	Canada,	10	in	Australia.	Analyses	
















also	 includes	 summary	 data	 for	 each	 of	 the	 included	 studies,	 focussing	 on	 the	measures	
included	 and	 the	 associations	 observed;	 effect	 sizes	 describe	 the	 strength	 of	 these	









Table	3.5	 then	provides	 further	detail	on	 the	 typologies,	measures,	metrics	and	 scales	of	
greenspace	 implemented	 for	 each	 study.	 In	 particular,	 the	 measure	 type	 includes	 both	
objective	(calculated)	and	subjective	(individual	self-reported)	items.	Objective	greenspace	
measures	include	those	derived	from	GIS	(Geographic	Information	Systems,	which	store	and	
analyse	 digitised	maps;	 this	 format	 includes	 the	 CORINE	 land	 cover	map,	which	 features	
various	land	classes),	land	use	databases	(such	as	GLUD,	the	Generalised	Land	Use	Database,	
which	provide	 	 tabulated	 information	 for	 	 each	 locality	 in	 a	 region)	 and	 satellite	 imagery	
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Representativeness	of	the	
sample	
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Comparable	outcome	
groups	




	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

















































































































































































































































Selection	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Representativeness	of	
the	sample	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
	
	
Sample	size	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Non-respondents	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Ascertainment	of	
exposure		
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Comparability	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Comparable	outcome	
groups	




	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	




	 PY	=	Possibly	Yes	 	 	 High	Risk	of	Bias	
	 PN	=	Possibly	No	 	 	 Some	Risk	of	Bias	
	 No	=	No	 	 	 	 Low	Risk	of	Bias	
















































































Bias	arising	from	randomisation	process	 	 	 	 	 	 	 	
Was	the	allocation	sequence	random?	
	
PN	 PN	 PN	 N	 PY	 N	 NI	
Were	there	baseline	imbalances	that	suggest	a	
problem	with	the	randomisation	process?	
NI	 NI	 NI	 NI	 NI	 NI	 NI	
Bias	due	to	deviations	from	intended	interventions	 	 	 	 	 	 	 	
Were	participants	aware	of	their	assigned	
intervention?	
Y	 Y	 Y	 Y	 PN	 PN	 PN	
Were	personal	aware	of	the	participants’	assigned	
intervention?	
Y	 Y	 Y	 Y	 PY	 PY	 NI	
Bias	due	to	missing	outcome	data	 	 	 	 	 	 	 	
Was	the	outcome	data	available	for	all,	or	nearly	all,	
participants	randomised?	




NI	 PY	 Y	 NI	 NI	 NI	 PY	
Bias	in	measurement	of	the	outcome	 	 	 	 	 	 	 	
Were	outcome	assessors	aware	of	the	intervention	
received	by	study	participants?	
Y	 Y	 Y	 Y	 Y	 Y	 Y	




PN	 PN	 PN	 PN	 PN	 PN	 PN	









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Green	land	cover	 NDVI	 NDVI	value	 Post	code	
Triguero-Mas	et	
al.,	2015	[129]	
















































































































































Nature	 Self-Reported	 Typical	contact	 Individual	
Jakubec	et	al.,	
2016	[144]	
Wilderness	 Objective	 Exposure	through	expedition	 Individual	
Kamitsis	and	
Francis,	2013	[145]	









































































































































Neighbourhood	Greenness	 Self-Reported	 Access	to	park	or	nature	reserve	 Neighbourhood	
Triguero-Mas	et	
al.,	2015	[129]	





Nature	 Self-Reported	 Connectedness	to	nature	 Individual	
Howell	et	al.,	2011	
[156]	





























which	 the	most	 commonly	used	measure	was	 the	Warwick-Edinburgh	Mental	Well-Being	
Scale	 (WEMWBS)	 [28,	 38,	 132,	 133,	 141,	 146].	WEMWBS	 includes	 14	 positively	 worded	
questions,	 regarding	 individual	 feelings	over	 the	past	2	weeks,	 including	 ‘feeling	 relaxed’,	
‘interested	in	new	things’,	and	‘close	to	others’	[59];	there	is	also	a	reduced	7-item	version,	
known	 as	 SWEMWBS	 (Shortened-WEMWBS)	 [61].	 The	 recent	 Personal	 Wellbeing	 ONS4	
(Office	 for	 National	 Statistics	 4),	 applied	 in	 one	 study	 [152],	 measures	 individuals’	 life	




such	 as	 quality	 of	 life,	 life	 satisfaction,	 and	 affect,	 but	 did	 not	 report	 both	 hedonic	 and	
eudaimonic	wellbeing.		The	WHO-5	(World	Health	Organisation)	Well-Being	Index,	used	in	2	
studies	[128,	150],	asks	how	frequently	individuals	have	felt	‘cheerful	and	in	good	spirits’	and	








role	 functioning.	 The	 mental	 component	 summary	 (MCS),	 derived	 from	 a	 subset	 of	
emotional	problems,	wellbeing	and	social	functioning	questions,	was	used	in	6	papers		[48,	
123,	 130,	 137,	 154,	 155],	 asking	 how	 often	 the	 individual	 recently	 felt	 ‘full	 of	 energy’,	
‘nervous’	and	‘happy’	[163].		
	
Single-item	 Life	 Satisfaction	 was	 used	 in	 6	 studies	 [16,	 60,	 114,	 123,	 124,	 131].	 The	
Satisfaction	With	Life	Scale	(SWLS)	was	applied	to	4	studies	[155,	158-160],	and	includes	a	







Eight	 studies	 reported	affect	 scores	 [142,	143,	146-149,	158,	159],	which	 include	positive	
feelings	 (happiness,	 interest),	 and	 negative	 emotions	 (anger,	 sadness),	 using	 the	 20-item	
Positive	 and	 Negative	 Affect	 Scale	 (PANAS)	 [166].	 Similarly,	 The	 Profile	 of	 Mood	 States	
(POMS)	asks	about		experiences	of	65	different	emotions,	including	some	positive	items,	such	
















each	 Lower-Layer	 Super	 Output	 Area	 (LSOA,	 a	 geographic	 area	 generated	 for	 being	 as	
consistent	in	population	size	as	possible,	with	a	minimum	population	of	1000	and	the	mean	





Only	 four	 (cross-sectional)	 studies	 measured	 hedonic	 and	 eudaimonic	 mental	 wellbeing	
(Shortened	 Warwick-Edinburgh	 Mental	 Well-Being	 Scale	 and	 ONS4).	 No	 statistically	
significant	 association	 was	 reported	 between	 greenspace	 and	mental	 wellbeing	 in	 three	
studies	[38,	132,	152],	although	urban	residents	who	reported	‘sufficient	local	greenspace’	
		 	 80	





Five	 studies,	 4	 of	 which	 were	 Good	 quality	 and	 based	 in	 urban	 areas,	 found	 that	 life	
satisfaction	was	significantly	higher	in	areas	with	more	greenspace	[16,	122,	124,	131],	albeit	
with	small	linear	effect	sizes	of	0.002-0.003	[16,	122].	The	study	by	White	et	al.	included	a	







km2,	 adjusted	 for	 the	 nation’s	 size,	 finding	 a	 significant	 association	 with	 better	 life	
satisfaction.	Despite	the	large	sample	size	and	strong	odds	ratios	(2.450),	the	study	was	of	
poor	methodological	quality,	due	to	 its	ecological	design	and	hence	 inability	 to	adjust	 for	














between	 the	 amount	of	 greenspace	 and	GHQ	 score	 [16,	 22,	 45,	 93,	 113,	 114,	 129,	 130],	
implying	reduced	mental	distress;	again,	linear	regression	coefficients	varied	considerably,	
		 	 81	
from	 0.003	 to	 0.431.	 The	 Fair	 quality	 study	 by	 Dzhambov	 et	 al.,	 however,	 found	 no	
statistically	 significant	 association	 for	 objective	 greenspace	 quantities,	 but	 observed	
significantly	 lower	 GHQ	 scores	 for	 those	 with	 higher	 perceived	 greenness	 in	 their	
neighbourhood	[127].	In	a	longitudinal	study,	Alcock	et	al.	found	that	people	moving	to	areas	
with	 higher	 greenspace	 proportions	 had	 significantly	 lower	 GHQ	 score	 after	 relocating,	
averaging	 0.430	 points	 lower	 3	 years	 post-move	 [113].	 Therefore,	 there	 was	 adequate	





types,	 using	 bespoke	 classification	 systems;	 no	 consensus	 was	 observed	 regarding	
greenspace	typology.	Four	of	these	were	longitudinal	studies.	
	












lower	 GHQ	 scores	 for	 physically	 active	 individuals;	 however,	 associations	 with	 Spacious	
greenspace	held	only	 for	women	[134].	 In	 the	second,	only	women	moving	to	areas	with	
Serene	greenspace	had	significantly	lowered	GHQ	scores,	but	with	much	higher	odds	than	in	
Annerstedt	et	al.’s	work	 [138].	 In	a	 cross-sectional	analysis,	 these	authors	 found	 that	 the	
total	number	of	green	aspects	(Serene,	Wild,	Lush,	Spacious,	Cultural)	was	associated	with	





In	 a	 cross-sectional	 study,	 based	 on	 12,697	 observations	 from	 2,020	 residents	 of	 rural	






field	 surveys	 and	 satellite	 imagery	 in	Australia,	were	 strongly	 and	 significantly	 associated	
with	 life	 satisfaction	 [135].	 The	 number	 of	 trees,	 or	 an	 indicator	 of	 how	 ‘green’	 the	











While	most	 of	 these	 studies	 were	 Good	 quality,	 interpretation	 is	 difficult	 due	 to	 lack	 of	
consensus	in	greenspace	classification;	in	addition,	four	reports	were	based	on	data	from	the	











Seventeen	 papers	 reported	 studies	 of	 visits,	 either	 comparing	 mental	 wellbeing	 scores	
before	 and	 after	 an	 intervention	 (n	 =	 7),	 or	 testing	 cross-sectional	 associations	 with	
greenspace	visiting	patterns	(n	=	10).	
	
Fair	quality	 studies	 compared	happiness	and	positive	affect	 for	 those	walking	 in	 ‘natural’	
versus	indoor	environments	[149],	and	walks	in	urban	versus	green	areas	[146].	The	former	
reported	a	statistically	significant	difference	in	favour	of	greenspace	walking,	the	latter	did	
not.	 In	 a	 further	 Fair	 quality	 cross-sectional	 study,	 Marselle	 et	 al.	 reported	 a	 positive	








reported	 greater	 happiness	 following	 the	 programme	 [151].	 Similarly,	 Molsher	 and	







findings	 [141,	 143,	 152].	 In	 the	 first	 Fair	 study,	 university	 students	 who	 claimed	 greater	






1.960)	 of	 a	 high	 sense	 of	 worth,	 the	 effect	 size	 decreasing	 with	 visit	 frequency.	 No	
associations	 were	 detected	 for	 visit	 frequency	 and	 hedonic	 wellbeing,	 although	 those	
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were	 improved,	 and	 distress	 (General	 Health	 Questionnaire)	 scores	 reduced,	 with	 the	














particularly	 of	 trees,	 lawns	 and	 flowering	 plants,	 was	 associated	 with	 improved	 mental	
wellbeing	(SWEMWBS)	scores	[141].		Similarly,	urban	residents	reporting	greater	visibility	of	
trees	 from	 their	 home	 had	 slightly	 better	 life	 satisfaction	 [139].	 	 Pretty	 et	 al.	 observed	






There	 were	 8	 cross-sectional	 studies	 identified,	 mostly	 Good	 quality,	 which	 tested	
associations	between	greenspace	accessibility	and	mental	wellbeing.	Two	studies	measured	
mental	health	using	 the	SF-12	Mental	Component,	with	 significant	positive	 findings	 [137,	
154].	In	the	first,	a	weak	association	was	found	with	Euclidean	(direct)	distance	from	homes	







individuals’	 post	 codes	 [129].	 Triguero-Mas	 et	 al.	 found	 greater	 amounts	 of	 greenspace	
within	 300m	 were	 significantly	 associated	 with	 reduced	 risk	 of	 high	 GHQ	 scores	
(dichotomised	around	3),	with	consistent	results	for	control	buffers	of	100m,	500m,	and	1km	
[129].		Bos	et	al.	found	that	greenspace	within	3km,	but	not	1km,	of	homes	was	significantly	





contrary	 to	 findings	 by	 Bos	 et	 al.	 [93,	 126].	Dadvand	 et	 al.	 also	 used	 the	General	Health	




a	 greenspace	 within	 a	 10-minute	 walk	 [153].	 	 Dzhambov	 et	 al.	 also	 found	 a	 significant	
association	between	subjective	accessibility	(time	to	walk	to	nearest	greenspace)	and	lower	








Seven	 cross-sectional	 studies	 were	 identified	 examining	 associations	 between	 subjective	
connection	to	nature	and	mental	wellbeing.	The	Connectedness	to	Nature	Scale	measures	
the	extent	to	which	individuals	‘feel	nature	is	part	of	their	identity’,	with	particular	emphasis	
on	 sense	of	 care	 for	nature;	 this	has	been	 linked	 to	 the	 theory	of	biophilia:	 that	humans	
possess	an	 innate	desire	to	affiliate	with	other	 forms	of	 life	 [21,	149].	Of	these	studies,	5	
were	of	Poor	quality,	with	no	controls	for	potential	confounding.	Four	studies	demonstrated	
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that	 self-reported	 ‘connection	 to	nature’	was	positively	associated	with	mental	wellbeing	
[156-159].	 Effect	 sizes	were	moderate	 and	 consistent	 across	 the	 studies,	 although	 lower	
methodological	 quality	means	 their	 results	 have	 limited	 generalisability;	 only	 one	was	 of	
Good	quality,	 and	adjusted	 for	potentially	 confounding	 factors.	 Similarly,	meaning	 in	 life,	
quality	of	life,	happiness	and	affect	were	higher	for	those	who	reported	greater	connection	











19,	24,	101],	but	no	previous	 systematic	 reviews	have	been	 found	of	published	evidence	
specifically	for	associations	between	greenspace	and	validated,	positive	measures	of	mental	
wellbeing	in	adults.	Even	after	stratifying	this	review	according	to	the	six	main	ways	in	which	


























and	 eudaimonic	 dimensions,	 while	 others	 measured	 aspects	 such	 as	 life	 satisfaction,	
happiness	and	quality	of	life.	GHQ,	which	was	designed	as	a	psychiatric	screening	tool,	was	












greenspace	 objectively,	 while	 a	 small	 number	 of	 studies	 reported	 associations	 with	
perceptions	of	the	adequacy	of	the	amount	of	local	greenspace	provision.	All	studies	used	











latter	and	mental	wellbeing,	while	a	 second	 found	 that	associations	with	GHQ	decreased	
with	distance,	at	100m,	250m	and	500m	buffers.	Others	found	contradictory	results	using	














































































































criteria.	 Six	 different	 ways	 in	 which	 greenspace	 was	 conceptualised	 and	measured	were	















to	 draw	 clear	 conclusions	 about	 interactions	 between	 urban	 and	 rural	 location	 and	
associations	with	mental	wellbeing.	Although	there	is	interest	in	understanding	how	urban	
greenspaces	 should	 best	 be	 designed	 and	 constructed,	 it	 was	 not	 possible	 to	 draw	
conclusions	specifically	for	those	living	in	cities.		
	
Only	 one-quarter	 of	 included	 studies	 measured	 both	 hedonic	 and	 eudaimonic	 mental	
wellbeing;	the	majority	focused	only	on	aspects	such	as	life	satisfaction,	affect	and	vitality,	




none	 provided	 a	 definition	 of	 this	 term.	 To	 further	 complicate	 matters	 ‘nature’	 and	
‘greenspace’	 were	 sometimes	 used	 synonymously	 [28,	 45,	 46,	 48,	 152].	 Vegetative	 or	
‘natural’	greenspaces,	 such	as	 those	described	as	 ‘serene’	 (quiet,	 ‘natural’),	or	with	more	
trees,	were	most	strongly	associated	with	aspects	of	mental	wellbeing,	although	one	study	
		 92	
found	 a	 stronger	 association	 for	 sports	 facilities.	 However,	 there	 were	 few	 direct	
comparisons	 between	 greenspace	 types.	 While	 Government	 Guidance	 provides	 a	
standardised	greenspace	typology	 for	urban	planning	 in	 the	UK	[51],	no	studies	used	this	
classification.		
	














This	 study	 sought	 to	 synthesise	 and	 appraise	 the	 evidence	 for	 associations	 between	
greenspace	 and	 mental	 wellbeing,	 but	 found	 few	 studies	 measuring	 both	 hedonic	 and	
eudaimonic	 wellbeing.	 Results	 suggest	 associations	 between	 greenspace	 and	 mental	
wellbeing,	 particularly	 hedonic	 wellbeing.	 Adequate	 evidence	 was	 discovered	 for	
associations	between	urban	greenspace	and	life	satisfaction;	however,	the	evidence	for	the	
remainder	 of	 the	 greenspace	 characteristics,	 including	 greenspace	 (land	 use)	 type,	
accessibility,	viewing	and	visiting	patterns,	was	limited	or	inadequate.	Although	not	a	true	
measure	 of	 mental	 wellbeing,	 studies	 using	 the	 General	 Health	 Questionnaire	 were	
prevalent	 in	 the	 literature.	 This	 measure	 includes	 some	 positive	 items,	 and	 it	 is	 further	







currently	 not	 sufficient	 for	 informed,	 specific	 planning	 recommendations.	 Further	
methodological	 work	 in	 this	 field	 is	 needed,	 including	 the	 development	 of	 operational	
definitions	of	 ‘nature’	and	 ‘natural’,	and	agreement	on	a	 land	use	typology.	 	Measures	of	
greenspace	quality	are	also	needed.	More	studies	are	required	to	measure	both	hedonic	and	
eudaimonic	 mental	 wellbeing.	 Greenspace	 accessibility	 should	 also	 be	 measured	 more	
specifically,	 using	 individual	 travel	 distances,	 using	 spatial	methods	 of	 analysis,	 to	 better	











Evidence	 suggests	 that	 exposure	 to	 nature	 is	 associated	 with	 positive	 emotions	 such	 as	
relaxation,	 satisfaction	 and	 general	 happiness	 [2,	 16,	 22,	 77,	 172-177];	 in	 urban	
environments,	this	is	provided	through	greenspace.	While	these	may	be	important	aspects	









In	 particular,	 this	 measure	 has	 been	 used	 often	 in	 research	 to	 examine	 the	 association	



















































known	as	Understanding	 Society,	which	 ran	 from	2009-2010	 [183].	 The	 sample	was	 then	






and	ethnic	 terms.	 In	 the	data	collection	process,	 individual	households	are	 selected	 from	
each	of	these	PSUs,	so	that	results	may	be	generalised	to	the	wider	UK	society.	As	such,	the	













Mental	 wellbeing	 was	 measured	 using	 the	 Short	 Warwick-Edinburgh	 Mental	 Well-Being	























gender,	 marital	 status	 (single/unmarried,	 married/civil	 partnership,	 and	
separated/divorced/widowed),	 ethnicity	 (white	 British,	 white	 other,	 black,	 South	 Asian,	
other),	 and	 total	 number	 of	 serious	 on-going	 physical	 health	 conditions	 (continuous,	
including	clinical	diagnoses	of,	for	example,	epilepsy,	heart	disease,	cancer).		Socioeconomic	
status	 was	 assessed	 by	 means	 of	 employment	 status	 (unemployed,	 employed	 and	
economically	 inactive),	 household	 income	 (quintiles	 adjusted	 for	 household	 composition	
[187]),	household	space	(bedrooms	per	person,	categorised	into	<1,	1-3,	>	3),	living	alone,	






of	 relative	 deprivation	were	 used	 in	 this	 analysis.	 The	 Indices	 are	 based	 on	 38	 separate	






















Also	 included	within	 the	Understanding	 Society	data	 [183],	 the	Rural-Urban	Classification	
divides	 England’s	 LSOAs	 into	 categories	 according	 to	 their	 level	 of	 urbanicity,	 based	 on	
population	 [189].	 At	 the	broadest	 level,	 urban	 centres	 are	defined	 as	 settlements	with	 a	
residential	population	greater	than	10,000;	as	such,	any	 local	area	 is	classified	as	urban	 if	
over	74%	if	its	resident	population	lives	in	such	an	urban	settlement.	Within	this	dataset,	the	




















with	 the	 characteristics	 of	 the	 study	 sample,	 both	 statistically	 and	 graphically.	 Using	













































status,	 ethnicity,	 health	 conditions,	 employment,	 household	 adjusted	 income	 quintile,	
household	space,	living	alone,	living	with	children,	housing	tenure	and	commuting	time	to	




(skewness	 -0.45),	 the	variance	of	 this	output	was	 investigated,	 in	order	 to	determine	the	
most	appropriate	modelling	technique.		Linear	regression	modelling	was	revealed	to	be	the	
most	 suitable,	 and	 thus	was	 used	 to	 estimate	 the	 association	between	mental	wellbeing	
(SWEMWBS	 score)	 and	 the	 proportion	 of	 greenspace	 in	 each	 LSOA.	 As	 an	 established	





Survey	commands	 in	 the	R	 ‘Survey’	package	were	also	added	to	control	 for	 the	clustered	
sampling	 of	 participants	within	 the	 primary	 sampling	 units	 (PSUs).	 The	 Survey	 command	
itself	 receives	 the	 list	 of	 individual	 PSUs,	 provided	 with	 the	Understanding	 Society	 data,	
which	are	 then	adjusted	 for	within	 the	 linear	 regression	model.	 Linear	 regression	models	
assume	spatial	independence,	and	so	adjusting	for	this	geographical	clustering	allowed	for	













contribution	of	 the	 variable,	Greenspacei	 is	 the	proportion	of	 greenspace	 in	 individual	 i's	
























the	 SWEMWBS	 score,	 based	 on	 the	 predictors	 (specifically	 that	 the	 variance	 is	 a	 linear	
function	 of	 the	 mean),	 rather	 than	 the	 variance	 being	 assumed	 constant	 in	 the	 linear	














to	the	questionnaires	 issued	to	these	agreeing	households	 [194].	Little	direct	 information	
was	available	regarding	the	characteristics	of	non-responding	individuals,	although	they	may	
be	 compared	 in	 terms	 of	 local	 area	 socioeconomic	 statistics.	 The	 data	 collectors	
(Understanding	 Society)	 observed	 slightly	 lower	 response	 rates	 in	 areas	 with	 higher	

















SWEMWBS	 non-completers	 (mean	 score	 27.1,	 sd	 17.2	 versus,	 22.2,	 sd	 15.6)	 (p	 <0.001),	










































appear	 to	 display	 almost	 opposite	 distributions.	 Relatively	 few	 people	 appear	 to	 have	

























































	 	 All	UKHLS	Observations	 Urban	Only	 Rural	Only	 	






Individuals	 	 30900	 	 25547	 5353	 	
Greenspace	
proportion	
		 30900	 0.42	(0.30)	 0.33	
(0.24)	
0.82(0.19)	 <0.001	
SWEMWBS	 	 30900	 25.2(4.5)	 25.1(4.6)	 25.6(4.3)	 <0.001	
Sex	 Female	 17221	 55.7	 54.2	 56.0	 0.701	
Age	 16-24	 4421	 14.3	 15.2	 10.0	 <0.001	
	 25-34	 5199	 16.8	 18.2	 10.2	 <0.001	
	 35-44	 6145	 17.5	 20.4	 17.3	 <0.001	
	 45-54	 5395	 17.5	 17.2	 18.6	 0.140	
	 55-64	 4597	 14.9	 13.8	 20.1	 <0.001	
	 65+	 5143	 16.6	 15.2	 23.7	 <0.001	
Marital	Status	 Single	 9800	 31.7	 33.8	 21.8	 <0.001	
	 Married	 15810	 51.2	 49.4	 59.5	 <0.001	
	 Post	Marriage	 5278	 17.1	 16.7	 18.7	 0.001	
Ethnicity	 White,	British	 23997	 77.7	 73.8	 96.1	 <0.001	
	 White,	Other	 1151	 3.7	 4.0	 2.5	 <0.001	
	 Black	 1863	 6.0	 7.2	 0.2	 <0.001	
	 South	Asian	 2670	 8.6	 10.4	 0.4	 <0.001	
	 Other	 1193	 3.9	 4.5	 0.7	 <0.001	
Health	Conditions	 Number	of	conditions	 30900	 0.5(0.9)	 0.5(0.9)	 0.6(0.9)	 <0.001	
Employment	 Unemployed	 1960	 6.3	 7.0	 3.4	 <0.001	
	 Employed	 16993	 55.0	 55.0	 54.9	 0.866	
	 Economically	Inactive	 11947	 38.7	 38.0	 41.6	 <0.001	
Income,	Quintiles	
(mean)	
1st		 6180	 £6385	 18.6	 13.5	 <0.001	
	 2nd	 6180	 £11241	 19.8	 17.6	 <0.001	
	 3rd	 6180	 £15085	 20.4	 20.2	 0.693	
	 4th	 6180	 £20059	 20.9	 22.0	 0.550	
	 5th	 6180	 £36127	 20.3	 26.6	 <0.001	
Household	Space	 <1	rooms	per	person	 9622	 31.1	 33.2	 21.3	 <0.001	
	 1-3	rooms	per	person	 20917	 67.7	 65.8	 76.6	 <0.001	
	 >3	rooms	per	person	 1749	 5.7	 5.4	 7.1	 <0.001	
Living	Alone	 	 4504	 14.6	 14.8	 13.7	 0.032	
Living	with	Children	 	 10822	 35.0	 36.4	 28.5	 <0.001	
Housing	Tenure	 Own	Home	 20849	 67.5	 65.6	 76.4	 <0.001	
Commuting	 <15mins	 6392	 20.7	 20.9	 19.8	 0.064	
	 15-30mins	 4760	 15.4	 15.7	 14.2	 0.004	
	 30-50mins	 2107	 6.8	 6.9	 6.3	 0.065	
	 >50mins	 1757	 5.7	 6.0	 4.1	 <0.001	
IMD	rank	 Continuous	 30900	 22.2(15.6)	 24.1(16.2)	 13.5(7.6)	 <0.001	
	Table	4.1	Full	descriptive	statistics	of	 the	sample	 from	Understanding	Society,	 for	 the	sample	as	a	whole	and	
stratified	by	urban/rural	area	
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The	characteristics	of	people	 living	 in	urban	(n	=	25,	547)	and	rural	 (n	=	5,353)	areas	also	













greenspace	prevalence,	 as	would	be	expected,	 as	well	 as	 some	areas	of	 relatively	higher	
deprivation	scores.		
	
Results	of	 the	 initial	univariate	Ordinary	 Least	Squares	 linear	 regression	model,	using	 the	
whole	 sample,	 revealed	 a	 positive,	 statistically	 significant	 (at	 the	 95%	 level)	 association	
between	greenspace	and	mental	wellbeing.	The	unadjusted	regression	coefficient,	B,	was	
0.17	points	(95%	CI	0.11,	0.23)	in	the	SWEMWBS	score,	per	standard	deviation	increase	in	
greenspace.	 This	 therefore	 implies	 that	 individual	 mental	 wellbeing	 scores	 are	 generally	
higher	in	areas	with	greater	proportions	of	greenspace.		
	
However,	 after	 controlling	 for	 all	 individual	 and	 household-level	 potentially	 confounding	
















































Variable	 Value	 B	(95%	CI)	 p	
Proportion	of	Greenspace											(sd	increase)	 -0.01	(-0.08,	0.05)	 0.712	
Sex	 Male	as	reference	 	 	
	 Female	 -0.07	(-0.16,	0.18)	 0.164	
Age	 16-24	as	reference	 	 	
	 25-34	 -0.34	(-0.56,	-0.12)	 0.002	
	 35-44	 -0.86	(-1.09,	-0.63)	 <0.001	
	 45-54	 -0.90	(-1.14,	-0.66)	 <0.001	
	 55-64	 0.28	(0.02,	0.54)	 0.032	
	 65+	 1.24	(0.96,	1.52)	 <0.001	
Marital	Status	 Married	as	reference	 	 	
	 Single/Unmarried	 -0.69	(-0.86,	-0.53)	 <0.001	
	 Separated/Divorced/Widowed	 -0.69	(-0.86,	-0.52)	 <0.001	
Ethnicity	 White,	British	as	reference	 	 	
White,	Other	 	 0.42	(0.14,	0.69)	 0.003	
Black	 	 1.01	(0.76,	1.26)	 <0.001	
South	Asian	 	 0.28	(0.05,	0.52)	 0.019	
Other	 	 0.18	(-0.11,	0.47)	 0.224	
Health	Conditions	 	 -0.63	(-0.69,	-0.57)	 <0.001	
Employment	 Employed	as	reference	 	 	
	 Unemployed	 -1.10	(-1.35,	-0.035)	 <0.001	
	 Economically	Inactive	 -0.38	(-0.53,	-0.23)	 <0.001	
Income,	Quintiles	 1st	as	reference	 	 	
	 2nd	 0.24	(0.06,	0.43)	 0.010	
	 3rd	 0.29	(0.10,	0.47)	 0.002	
	 4th	 0.67	(0.48,	0.86	)	 <0.001	
	 5th	 0.94	(0.75,	1.13)	 <0.001	
Household	Space	 1-3	rooms	per	person	as	reference	 	
	 <1	room	per	person	 -0.08	(-0.22,	0.06)	 0.258	
	 >3	rooms	per	person	 0.19	(-0.09,	0.46)	 0.18	
Living	Alone	 No	as	reference	 	 	
	 Yes	 -0.06	(-0.27,	0.15)	 0.576	
Living	with	Children	 No	as	reference	 	 	
	 Yes	 -0.18	(-0.32,	-0.03)	 0.018	
Housing	Tenure	 Does	not	own	home	as	reference	 	
	 Own	Home	 0.32	(0.19,	0.46)	 <0.001	
Commuting	Time	 <15	mins	as	reference	 	 	
	 15-30	mins	 0.03	(-0.11,	0.18)	 0.664	
	 30-50	mins	 0.06	(-0.14,	0.26)	 0.561	
	 >50	mins	 0.27	(0.06,	0.49)	 0.012	
Deprivation	 	 -0.02	(-0.02,	-0.01)	 <0.001	
Urban/Rural	Setting	 Rural	as	reference	 	 	
	 Urban	 -0.10	(-0.27,	0.08)	 0.283	
Table	4.2	Fully	adjusted	linear	regression	model	
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Finally,	 adjusting	 further	 for	 urban/rural	 location	 in	 the	 association	 between	 a	 standard	
deviation	 increase	 in	 greenspace	 and	 SWEMWBS	 score,	 the	 resultant	 B	 value	 was	 -0.01	
points	 (-0.08,	 0.50),	 and	 again	 highly	 non-significant	 (p	 =	 0.712).	 While	 greenspace	 and	
urbanity	were	significantly	linearly	associated	(B	=	-0.23,	p	<0.001),	there	was	evidence	of	
only	slight,	but	statistically	insignificant	effect	modification	(B	=	-0.11,	95%	CI	-0.29,	0.11,	p	=	






























Deprivation	 	 -0.001	(-0.001,	0.000)	 <0.001	
Setting	 Urban	 0.004(-0.011,	0.003)	 		0.279	
Variable	 Value	 B	(95%	CI)	 p	
Proportion	of	Greenspace	 -0.002	(-0.011,	0.007)	 0.693	
Sex	 Female	 -0.003	(-0.006,	0.001)	 0.171	
Age	 16-24	as	reference	 	 	
	 25-34	 -0.014	(-0.026,	-0.005)	 0.002	
	 35-44	 -0.003	(-0.044,	-0.025)	 <0.001	
	 45-54	 -0.037	(-0.046,	-0.027)	 <0.001	
	 55-64	 0.010	(0.000,	0.021)	 0.050	
	 65+	 0.048	(0.037,	0.059)	 <0.001	
Marital	Status	 Married	as	reference	 	
	 Single/Unmarried	 -0.028	(-0.034,	-0.021)	 <0.001	
	 Separated/Divorced/Widowed	 -0.028	(-0.034,	-0.021)	 <0.001	
Ethnicity	 White,	British	as	reference	 	
																																																				White,	Other	 0.017	(0.006,	0.028)	 0.002	
	 Black	 0.041	(0.031,	0.051)	 <0.001	
	 South	Asian	 0.011	(0.002,	0.021)	 0.018	
	 Other	 0.007	(-0.004,	0.019)	 0.211	
Health	Conditions	 -0.025	(-0.028,	-0.023)	 <0.001	
Employment	 Employed	as	reference	 	
	 Unemployed	 -0.046	(-0.056,	-0.035)	 <0.001	
	 Economically	Inactive	 -0.015	(-0.021,	-0.009)	 <0.001	
Income,	Quintiles	 1st	as	reference	 	 	
	 2nd	 0.010	(0.002,	0.018)	 0.011	
	 3rd	 0.012	(0.004,	0.019)	 0.002	
	 4th	 0.027	(0.019,	0.034)	 <0.001	
	 5th	 0.037	(0.029,	0.044)	 <0.001	
Household	Space	 1-3	rooms	per	person	as	reference	 	
	 <1	room	per	person	 -0.003	(-0.009,	0.002)	 0.271	
	 >3	rooms	per	person	 0.007	(-0.003,	0.018)	 0.179	
Living	Alone	 No	as	reference	 	 	
	 Yes	 -0.002	(-0.011,	0.007)	 0.644	
Living	with	Children	 No	as	reference	 	 	
	 Yes	 -0.007	(-0.013,	-0.001)	 0.018	
Housing	Tenure	 Does	not	own	home	as	reference	 	
	 Own	Home	 0.013	(0.008,	0.018)	 <0.001	
Commuting	Time	 <15	mins	as	reference	 	
	 15-30	mins	 0.001	(-0.0054,	0.007)	 0.644	
	 30-50	mins	 0.002	(-0.005,	0.010)	 0.542	
	 >50	mins	 0.011	(0.003,	0.019)	 0.011	
Table	4.4	Results	of	the	fully	adjusted	quasi-poisson	regression	model	
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4.4	Discussion	
4.4.1	Main	findings	
Previous	 research	has	demonstrated	 local	area	prevalence	of	greenspace	 to	be	positively	
related	to	life	satisfaction,	happiness	and	reduced	risk	of	psychiatric	morbidity	[16,	29,	140,	
195].	 In	 particular,	 studies	 applying	 data	 from	 the	 British	 Household	 Panel	 Survey	 (the	
predecessor	to	Understanding	Society,	which	collected	similar	individual	data),	have	shown	
a	significant	association	between	proportion	of	local	area	greenspace	and	lower	GHQ	scores,	
which	held	across	 longitudinal	analyses	 [16,	29,	195].	Although	preliminary	 results	of	 this	






comparable	 research	 by	 Astell-Burt	 et	 al.	 did	 not	 [196].	 However,	 White	 et	 al.	 found	
significant	 associations	 between	 greenspace	 and	 GHQ	 in	 their	 urban	 area	 studies,	 while	
controlling	 for	 similar	 potential	 confounders,	which,	 considered	 in	 conjunction	 	with	 the	







































Greenspace	was	measured	according	to	 local	area	proportion,	 in	 line	with	other	research	
into	neighbourhood	greenspace	and	mental	health,	although	this	does	not	allow	absolute	
quantities	 to	 be	 considered.	 Attention	 Restoration	 Theory	 proposes	 that,	 in	 order	 to	 be	
restorative,	environments	must	have	sufficient	extent;	 it	may	be	that	the	absolute	size	of	
each	 greenspace	 is	 more	 beneficial	 to	 individual	 mental	 wellbeing	 than	 the	 relative	
proportion	 of	 each	 locality.	 Such	 environments	 must	 also	 provide	 compatibility	 with	
individual	 needs,	 and	 so	 consideration	 of	 the	 facilities	 (types	 of	 greenery,	 footpaths	 for	
walking,	benches,	toilets	and	other	amenities)	may	influence	whether	an	individual	is	able	
to	 effectively	 utilise	 and	 hence	 benefit	 from	 their	 local	 greenspace.	 Proximity	 to	 the	











greenspace	 would	 be	 in	 the	 form	 of	 parks,	 public	 gardens	 and	 sports	 facilities,	 where	
evidence	of	human	intervention	and	artificially	constricted	landscaping	is	prevalent.	While	
these	 spaces	 may	 still	 be	 beneficial	 to	 health,	 by	 providing	 opportunities	 for	 social	















This	 is	 believed	 to	 be	 the	 first	 study	 to	 test	 the	 association	 between	 greenspace	 and	 a	
validated	multidimensional	mental	wellbeing	measure	that	 includes	both	eudaimonic	and	












sports	 facilities,	 etc)	 and	 mental	 wellbeing,	 to	 understand	 whether	 these	 are	 important	
individually.	The	Generalised	Land	Use	Database	also	measures	only	designated	greenspaces	
in	its	categorisation,	and	therefore	is	likely	to	exclude	much	streetscape	greenery,	such	as	
trees,	 living	 walls,	 and	 balcony	 planting,	 which	 may	 themselves	 create	 a	 greener	




introduced	 an	 element	 of	 misclassification,	 since	 it	 takes	 no	 account	 of	 accessibility	 or	
interaction	 with	 this	 space.	 As	 the	 LSOAs	 are	 derived	 according	 to	 population	 size	 and	
density,	neighbourhoods	in	urban	areas	will	naturally	be	much	smaller	geographically	than	
those	 in	 sparser	 settings,	 thereby	making	 adjacent	 areas	 in	 built-up	 environments	more	
accessible	 to	 these	 residents.	 Future	 research	 which	 includes	 data	 on	 distances	 to	 the	
nearest	greenspace	(which	may	extend	to	that	in	adjacent	LSOAs),	or	greenspace	within	a	





















area	 has	 been	 shown	 to	 be	 related	 to	 aspects	 of	 mental	 health	 such	 as	 happiness,	 life	
satisfaction,	 and	 reduced	 symptoms	 of	 psychiatric	 distress,	 the	 association	 to	
multidimensional	mental	wellbeing	 is	much	 less	clear	 from	this	 study.	Further	 research	 is	
therefore	needed	to	explore	the	relationship	of	other	aspects	of	greenspaces	with	mental	


















Studies	 of	 proximity	 to	 greenspace	 have	 revealed	 a	 weak	 association	 between	 lower	
Euclidean	(straight-line)	distances	to	the	nearest	greenspace	and	 improved	mental	health	
[154],	typically	assessed	using	measures	that	are	concerned	predominantly	with	symptoms	
of	 mental	 distress	 rather	 than	 multidimensional	 mental	 wellbeing	 (i.e.	 positive	 mental	
health,	 covering	 hedonic	 and	 eudaimonic	 domains).	 	 Positive	 associations	 have	 been	
observed	 between	 the	 amount	 of	 greenspace	 within	 a	 300m,	 but	 not	 100m	 radius	 of	




dose-response	 effect	 in	 which	 larger	 effect	 sizes	 were	 observed	 for	 the	 amount	 of		
greenspace	 within	 100m	 of	 participants’	 homes	 compared	 with	 250m	 and	 500m,	









tested	 associations	 between	 the	 amount	 of	 local	 area	 greenspace	 within	 administrative	
boundaries	 [16,	 40,	 113,	 123]	 and	 symptoms	 of	 either	mental	 distress,	 happiness	 or	 life	
satisfaction	(hedonic	wellbeing).		Studies	which	examined	associations	between	hedonic	and	
eudaimonic	 mental	 wellbeing	 and	 the	 amount	 of	 greenspace	 within	 data-collection	
boundaries,	such	as	that	in	Chapter	4,	found	no	statistically	significant	associations	[16,	38,	
132,	133].		Studying	greenspace	in	this	way	may	misclassify	exposure,	because	greenspace	
may	 be	 present	 in	 adjacent	 areas	 and	 because	 this	 ignores	 access,	 use	 and	 type	 of	
greenspace.		Studies	using	areas	centred	on	each	participant’s	place	of	residence	go	some	




There	 are	 other	 challenges	 to	 the	 study	 of	 greenspace	 and	mental	 wellbeing.	 Both	 vary	
spatially;	moreover,	those	who	live	in	greener	areas	may	spend	more	time	in	greenspace	[19,	
88,	 207,	 208],	 feel	 a	 stronger	 connection	 with	 nature	 [145,	 209,	 210]	 or	 value	 local	
greenspace	more	highly	than	those	who	live	in	less	green	areas	[40,	209,	210].	Those	who	
value	greenspace	more	highly	may	also	be	more	likely	to	move	to	greener	areas	[106,	208].	
For	 this	 reason,	 it	 is	 also	 possible	 that	 the	 association	 between	 greenspace	 and	mental	
wellbeing	varies	between	people	and	between	areas	[22,	128,	207,	211].		Techniques	such	
as	Geographically	Weighted	Regression	 (GWR)	adjust	 for	 this	non-stationarity	and	permit	
model	 parameters	 to	 vary	 over	 space,	 thereby	 allowing	 variations	 in	 the	 associations	
between	people	and	places	to	be	estimated	and	modelled	[212-216].	
	
























period.	 As	 greenspace	 data	 availability	 restricted	 analyses	 to	 Greater	 London,	 the	 final	
dataset	comprised	25,518	individuals.	Variables	 in	the	dataset	cover	aspects	of	wellbeing,	
demography,	socio-economic	status,	and	living	conditions.	The	dataset	also	includes	spatial	










things	 you	 do	 in	 your	 life	 are	 worthwhile?’	 and	 ‘How	 happy	 did	 you	 feel	 yesterday?’;	
responses	 are	 rated	 on	 a	 scale	 of	 0	 (not	 at	 all)	 to	 10	 (completely).	 These	 questions	 are	
designed	 to	 cover	 hedonic	 (life	 satisfaction,	 happiness)	 and	 eudaimonic	 (worth)	 mental	












(whether	 employed,	 unemployed,	 or	 inactive)	 and	 housing	 tenure.	 Living	 circumstances	
were	 characterised	 by	whether	 or	 not	 the	 individual	 lived	with	 children,	 as	well	 as	 their	







local	 education,	 crime	 and	 access	 to	 services,	 with	 a	 higher	 score	 indicative	 of	 a	 more	




















was	 then	 spatially	 intersected	with	 the	GiGL	 data,	which	was	 used	 to	 calculate	 the	 total	
amount	 (m2)	 of	 greenspace	 within	 300m	 of	 each	 individual’s	 homes;	 this	 process	 is	
demonstrated	in	Figures	5.1	and	5.2.	Buffers	of	500m	and	1km	were	also	calculated	in	order	
to	perform	sensitivity	analysis.	Figure	5.3	demonstrates	the	processes	performed	to	merge	










































































wellbeing	 and	 the	 amount	 of	 greenspace	 within	 300m	 in	 turn,	 the	 following	 were	
significantly	associated	with	both,	and	thus	included	in	the	models	as	potential	confounders:	
age,	sex,	marital	 status,	ethnicity,	general	health,	education,	employment	status,	 income,	
living	 with	 children,	 housing	 tenure,	 housing	 type,	 LSOA	 population	 density,	 and	 LSOA	
deprivation.	 Multicollinearity	 tests	 (using	 Variance	 Inflation	 Factors)	 revealed	 all	 of	 the	
potentially	 confounding	 factors	 to	 be	 sufficiently	 independent.	 OLS	 multivariate	 models	
were	 then	 built,	 which	 include	 all	 socioeconomic	 and	 local	 area	 variables	 identified	 as	
potential	confounders.	Baseline	models,	including	only	these	factors,	were	calculated,	so	the	





of	 underestimating	 errors	 and	 overestimating	 the	 statistical	 significance	 of	 regression	


















The	residual	errors	of	 the	OLS	models	were	also	 investigated,	 revealing	significant	spatial	
clustering,	 and	 highlighting	 how	 the	model	 systematically	 over-	 and	 under-estimates	 the	
associations,	implying	geographic	variation	across	the	study	space.		
	
As	 with	 previous	 studies	 of	 the	 environment	 and	 health,	 Geographically	 Weighted	
Regression	 (GWR)	 was	 therefore	 selected	 as	 an	 appropriate	method	 to	 adjust	 for	 these	











the	 potentially	 confounding	 factors	 and	 an	 error	 term,	 respectively.	 The	 regression	
coefficients	are	calculated	as	shown	in	Equation	(5.2),	assumed	to	be	constant	over	space,	
where	X	and	Y	are	matrices	of	x	and	y	values.	
$"%& = 	+8 + +,-!,& + ⋯+9:9& + ;&  for < = 1,… , 0 (5.1)	
$"%& = 	+8& + +,&-!,& + ⋯+ +9&:9& +;9& < = 1,… , 0		 for (5.3)	




vary	 spatially,	 generating	 a	 separate	model	 for	 each	 event	 location	 i	 in	 the	 data	 set,	 as	





further	 away,	 to	 calculate	 the	 coefficients	 for	 the	 GWR	 model.	 Therefore,	 while	 the	





































Univariate	 GWR	models	 were	 calculated	 for	 each	 of	 the	 greenspace	 buffers	 and	mental	
wellbeing	measures	 in	 turn,	and	 then	adjusted	 for	 the	 full	 set	of	potentially	 confounding	




variable.	 Autocorrelations	 of	 the	 residual	 errors	 were	 then	 examined,	 to	 investigate	





were	 fairly	 consistent	 across	 the	 three	 positive	 questions,	 with	 the	 greatest	 standard	
deviation	observed	for	happiness	(2.1).	The	amount	of	greenspace	within	a	300m	buffer	had	
a	 mean	 of	 0.045km2,	 with	 0.152km2	 and	 0.727km2	 in	 the	 500m	 and	 1000m	 buffers,	
respectively.	The	percentage	of	females	in	the	final	dataset	was	higher	than	males,	at	55.7%,	




Frequency	 distributions	 of	 the	 three	 wellbeing	 questions,	 shown	 in	 Figure	 5.5a-c,	 were	



















































Variable	 Value	 n	 Mean(sd)	/	%	
Wellbeing	 Life	Satisfaction	 25,518	 7.4	(1.8)	
	 Worth	 25,518	 7.7	(1.7)	
	 Happiness	 25,518	 7.3	(2.1)	
Age	Group	 16-24	 1734	 6.8	
	 25-34	 5014	 19.6	
	 35-44	 5321	 20.8	
	 45-54	 4590	 18.0	
	 55-64	 3670	 14.4	
	 65-74	 3010	 11.8	
	 75+	 2179	 8.5	
Sex	 Female	 14,201	 55.7	
Married/Cohabiting	 Yes	 13,655	 53.5	
Ethnicity	 White	 17,099	 67.0	
	 Black	 2,737	 10.7	
	 South	Asian	 2,721	 10.7	
	 Other	Asian	 1,050	 4.1	
	 Mixed	 484	 1.9	
	 Other	 1,427	 5.6	
Diploma/Degree	 Yes	 10,348	 40.6	
General	Health	 Very	Good	 8,703	 34.1	
	 Good	 10,512	 41.2	
	 Fair	 4,722	 18.5	
	 Poor	 1,229	 4.8	




Economic	Activity	 Employed	 15,077	 59.1	
	 Unemployed	 1,284	 5.0	
	 Inactive	 9,157	 35.9	
Full	Time	Employment	 Yes	 11,098	 43.5	
Income	Quintiles	 1	 2,018	 7.9	
	 2	 2,020	 7.9	
	 3	 2,103	 8.2	
	 4	 1,946	 7.6	
	 5	 1,978	 7.8	
Living	With	Children	 Yes	 8,758	 34.3	
Housing	Tenure	 Owns	Home	 6,469	 23.4	
Housing	Type	 Detached	 774	 3.0	
	 Semi-Detached	 2,566	 10.1	
	 Terraced	 5,454	 21.4	
	 Flat	 7,508	 29.4	
	 Other	 9,216	 36.1	




Greenspace	Area,	m2	 300m	buffer	 25,518	 45,232.6	
(38,461.7)		 500m	buffer	 25,518	 151,444.6	










satisfaction	 score,	 for	 a	 1km2	 increase	 in	 greenspace.	 Similar	B	values	were	observed	 for	






associations	 between	 individuals’	 greenspace	 prevalence	 and	 their	 wellbeing	 outcome	
scores;	this	representation	ensures	adequate	privacy	of	individual-level	data.	
	
























300m	 0.601	 0.037	 0.013	 0.874	 0.002	 0.020	 0.299	 0.003	 0.005	
300m,	adjusted	
	
0.783	 0.006	 0.388	 0.731	 0.009	 0.307	 0.513	 0.140	 0.288	
Table	 5.2	 Results	 and	 greenspace	 coefficients	 for	 unadjusted	 and	 fully	 adjusted	 OLS	 associations	 between	
greenspace	and	mental	wellbeing.	Adjusted	models	include	controls	for:	age,	sex,	marital	status,	ethnicity,	general	



















































The	 clusters	 of	 low	 and	 high	 residual	 values	 highlight	 areas	 where	 the	 OLS	 models	
systematically	 over-	 and	 under-estimate	 the	 associations	 between	 greenspace	 and	
wellbeing,	across	the	study	space.	In	the	life	satisfaction	model,	for	example,	high	residuals	
towards	 the	centre	of	 London	 indicate	 the	model	over-estimating	mental	wellbeing,	with	
predictions	falling	short	towards	the	North	and	East	of	the	city.	
	
To	 further	explore	 the	 spatial	nature	of	 the	data,	geographically	weighted	 statistics	were	
calculated	 for	 each	wellbeing	 outcome;	 this	method	uses	 the	 selected	 kernels	 to	 predict	
mean	scores	from	the	matrix	of	neighbours	within	the	bandwidth,	weighted	according	to	the	
Gaussian	 distribution.	 As	 plotted	 in	 Figure	 5.8a-c,	 the	 geographically	 weighted	 means	
highlight	 how	 localised	 average	 scores	 vary	 across	 London.	 Life	 satisfaction	 and	 worth	
outcomes	 display	 similar	 patterns,	 with	 lower	 average	 scores	 clustering	 in	 the	 North	 of	

























































Univariate	 geographically	 weighted	 regression	 models	 revealed	 statistically	 significant	
associations	 between	 larger	 amounts	 of	 greenspace	 within	 300m	 and	 higher	 mental	









Positive	 and	 statistically	 significant	 associations	were	 observed	 for	 fully-adjusted	models	
with	the	amount	of	greenspace	within	300m	and	life	satisfaction,	worth,	and	happiness,	with	
B	 values	 of	 0.8034,	 0.7398	 and	 0.5208,	 respectively.	 Models	 predicting	 life	 satisfaction	
showed	much	higher	goodness	of	 fit,	as	 indicated	by	the	R2	value	(0.305),	 than	the	other	
wellbeing	 indicators	 (0.170	 for	worth,	 0.136	 for	happiness).	 Interestingly,	 the	B	 value	 for	
worth	decreased	slightly	from	unadjusted	to	adjusted	models,	whereas	coefficients	for	life	






















300m	 0.4840	 <0.001	 0.012	 0.8212	 <0.001	 0.010	 0.2985	 <0.001	 0.010	
300m,	adjusted	 0.8034	 <0.001	 0.305	 0.7398	 <0.001	 0.170	 0.5208	 <0.001	 0.136	
Table	 5.3	 Results	 and	 greenspace	 coefficients	 for	 unadjusted	 and	 fully	 adjusted	 GWR	 associations	 between	
greenspace	and	mental	wellbeing.	Adjusted	models	include	controls	for:	age,	sex,	marital	status,	ethnicity,	general	





Variable	 Value	 Global	B	 p	
Greenspace	 300m		 0.8034	 <0.001	
Age	 16-24,	as	ref	 	 	
	 25-34	 -0.3296	 <0.001	
	 35-44	 -0.5181	 <0.001	
	 45-54	 -0.6633	 <0.001	
	 55-64	 -0.2554	 <0.001	
	 65-75	 0.1841	 <0.001	
	 over	75	 0.3064	 <0.001	
Sex	 Male,	as	ref	 	 	
	 Female	 0.0918	 <0.001	
Married/Cohabiting	 No,	as	ref	 	 	
	 Yes	 0.4826	 <0.001	
Ethnicity	 White,	as	ref	 	 	
	 Other	Asian	 0.0592	 <0.001	
	 Black	 -0.1983	 <0.001	
	 Mixed	 -0.109	 <0.001	
	 Other	 0.0535	 <0.001	
	 South	Asian	 0.1707	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
	 Poor	 1.083	 <0.001	
	 Fair	 1.9515	 <0.001	
	 Good	 2.5822	 <0.001	
	 Very	Good	 2.9968	 	
Qualifications	 No	degree,	as	ref	 	 	
	 Degree/Diploma	 -0.0736	 <0.001	
Economic	Activity	 Employed,	as	ref	 	 	
	 Economically	Inactive	 -0.0915	 <0.001	
	 Employed	 -0.7221	 <0.001	
Full	Time	Employment	 No,	as	ref	 	 	
	 Yes	 0.0098	 <0.001	
Income,	Quintiles	 1st	 -0.127	 <0.001	
	 2nd	 -0.1125	 <0.001	
	 3rd	 -0.0367	 <0.001	
	 4th	 0.0984	 <0.001	
	 5th	 0.2218	 <0.001	
Living	with	Children	 No,	as	ref	 	 	




	 Owns	current	home	 0.1653	 <0.001	
Housing	Type	 Detached,	as	ref	 	 	
	 Flat	 -0.0694	 <0.001	
	 Other	 -0.0852	 <0.001	
	 Semi	Detached	 -0.0263	 0.1168	
	 Terraced	 -0.0136	 <0.001	
Population	Density	 	 0.0006	 <0.001	
Deprivation	 	 -0.0019	 <0.001	
	
	
















































Variable	 Value	 Global	B	 p	
Greenspace	 300m		 0.7398	 <0.001	
Age	 16-24,	as	ref	 	 	
	 25-34	 -0.1887	 <0.001	
	 35-44	 -0.247	 <0.001	
	 45-54	 -0.3152	 <0.001	
	 55-64	 0.1402	 <0.001	
	 65-75	 0.3874	 <0.001	
	 over	75	 0.3665	 <0.001	
Sex	 Male,	as	ref	 	 	
	 Female	 0.2298	 <0.001	
Married/Cohabiting	 No,	as	ref	 	 	
	 Yes	 0.2845	 <0.001	
Ethnicity	 White,	as	ref	 	 	
	 Other	Asian	 -0.0651	 0.0037	
	 Black	 0.044	 <0.001	
	 Mixed	 0.1705	 <0.001	
	 Other	 -0.0401	 <0.001	
	 South	Asian	 0.0922	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
	 Poor	 0.8593	 <0.001	
	 Fair	 1.5886	 <0.001	
	 Good	 2.0186	 <0.001	
	 Very	Good	 2.3915	 <0.001	
Qualifications	 No	degree,	as	ref	 	 	
	 Degree/Diploma	 -0.0162	 <0.001	
Economic	Activity	 Employed,	as	ref	 	 	
	 Economically	Inactive	 -0.122	 <0.001	
	 Employed	 -0.5079	 <0.001	
Full	Time	Employment	 No,	as	ref	 	 	
	 Yes	 -0.0051	 <0.001	
Income,	Quintiles	 1st	 -0.0238	 <0.001	
	 2nd	 -0.064	 <0.001	
	 3rd	 0.0179	 <0.001	
	 4th	 0.0608	 <0.001	
	 5th	 0.0414	 <0.001	
Living	with	Children	 No,	as	ref	 	 	




	 Owns	current	home	 0.1082	 <0.001	
Housing	Type	 Detached,	as	ref	 	 	
	 Flat	 -0.1264	 <0.001	
	 Other	 -0.0892	 <0.001	
	 Semi	Detached	 -0.061	 <0.001	
	 Terraced	 -0.0447	 <0.001	
Population	Density	 	 0.0002	 <0.001	
Deprivation	 	 -0.0012	 <0.001	










































Variable	 Value	 Global	B	 p	
Greenspace	 300m		 0.5208	 <0.001	
Age	 16-24,	as	ref	 	 	
	 25-34	 -0.1307	 <0.001	
	 35-44	 -0.1818	 <0.001	
	 45-54	 -0.2317	 <0.001	
	 55-64	 0.0930	 <0.001	
	 65-75	 0.4727	 <0.001	
	 over	75	 0.5093	 <0.001	
Sex	 Male,	as	ref	 	 	
	 Female	 0.0274	 <0.001	
Married/Cohabiting	 No,	as	ref	 	 	
	 Yes	 0.3699	 <0.001	
Ethnicity	 White,	as	ref	 	 	
	 Other	Asian	 0.1110	 0.0554	
	 Black	 0.0967	 <0.001	
	 Mixed	 -0.1035	 <0.001	
	 Other	 0.0382	 <0.001	
	 South	Asian	 0.2375	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
	 Poor	 0.9836	 <0.001	
	 Fair	 1.8975	 <0.001	
	 Good	 2.4760	 <0.001	
	 Very	Good	 2.9740	 <0.001	
Qualifications	 No	degree,	as	ref	 	 	
	 Degree/Diploma	 -0.0579	 <0.001	
Economic	Activity	 Employed,	as	ref	 	 	
	 Economically	Inactive	 0.0403	 <0.001	
	 Employed	 -0.3320	 <0.001	
Full	Time	Employment	 No,	as	ref	 	 	
	 Yes	 0.0289	 <0.001	
Income,	Quintiles	 1st	 0.0848	 <0.001	
	 2nd	 -0.0461	 <0.001	
	 3rd	 -0.0090	 <0.001	
	 4th	 -0.0870	 <0.001	
	 5th	 0.0036	 0.1407	
Living	with	Children	 No,	as	ref	 	 	




	 Owns	current	home	 0.0696	 <0.001	
Housing	Type	 Detached,	as	ref	 	 	
	 Flat	 -0.0116	 0.0012	
	 Other	 0.0287	 <0.001	
	 Semi	Detached	 0.0304	 <0.001	
	 Terraced	 0.0464	 <0.001	
Population	Density	 	 0.0006	 <0.001	












300m.	 Associations	 are	 strongest	 for	 life	 satisfaction,	 with	 slightly	 lower	 regression	
coefficients	 for	 worth,	 followed	 by	 happiness;	 associations	 are	 weakest	 for	 the	 anxiety	
































































Reductions	 in	 autocorrelations	 of	 residual	 errors	 highlighted	 that	 the	 GWR	 method	
effectively	 accounted	 for	 much	 of	 the	 spatial	 clustering	 in	 the	 data,	 and	 therefore	
considerably	improved	the	fit	of	the	model,	for	each	wellbeing	measure.		The	Global	Moran’s	
I	value	from	the	residual	errors	of	a	model	predicting	life	satisfaction	from	just	the	potentially	
confounding	 factors	was	 reduced	 from	0.005	 to	<0.001	when	adding	 the	variable	 for	 the	
amount	of	greenspace	within	300m	to	a	GWR	model;	 similar	patterns	were	observed	 for	

















































both	hedonic	and	eudaimonic	wellbeing	have	so	 far	 remained	 inconclusive	 [38,	132,	133,	
152].	 However,	 these	 multidimensional	 studies	 have	 generally	 been	 restricted	 by	 their	
application	of	only	local	area	greenspace,	according	to	arbitrary	statistical	boundaries,	rather	
than	 that	 surrounding	 an	 individual’s	 home,	which	may	 have	misclassified	 residents	 and	










Prevalence	 of	 greenspace	 was	 positively	 and	 significantly	 associated	 with	 measures	 of	
hedonic	 and	eudaimonic	wellbeing	 in	 linear	models.	Geographically	Weighted	Regression	
adjusted	 for	 present	 spatial	 autocorrelations	 in	 the	 data,	 and	 allowed	 the	 differences	 in	
associations	 between	 people	 and	 places	 to	 be	 observed.	 Examining	 Moran’s	 I	 values	
















the	 strength	 of	 associations	 decreasing	 with	 distance,	 thereby	 implying	 that	 greenspace	
closer	to	homes	is	potentially	more	important	for	mental	wellbeing	than	that	further	away.	
As	 associations	 for	 greenspace	 within	 1km	 were	 negligible,	 it	 could	 be	 suggested	 that	
interventions	 to	 maintain	 and	 improve	 greenspaces	 should	 be	 focussed	 within	 closer	
proximity	to	individuals.		
	







It	 is	 possible	 that	 these	 spatial	 patterns	 depend	 on	 features	 of	 the	 environment,	 or	
greenspace	in	particular,	which	were	not	accounted	for	within	these	models.	For	example,	





















to	 be	 beneficial	 [25];	 it	 could	 be	 speculated	 that,	 due	 to	 building	 density,	 greenspace	 in	
central	London	may	be	smaller	in	size	and	thus	more	fragmented,	with	larger	open	spaces	
more	prevalent	towards	the	outskirts	of	the	city.	Further	research,	which	examines	the	size	













first	 study	 to	provide	evidence	 to	support	 the	recommended	greenspace	within	300m,	 in	
relation	 to	 mental	 wellbeing.	 This	 study	 was	 also	 able	 to	 examine	 both	 hedonic	 (life	
satisfaction,	happiness)	and	eudaimonic	(worth)	dimensions	of	wellbeing,	which	have	so	far	











individual	 and	 greenspace	 prevalence	 data.	 Results	 of	 both	 linear	 and	 geographically	




Although	 restricted	 to	 London,	 this	 analysis	 benefitted	 from	 a	 large	 sample	 size	 of	 over	
25,000	 individuals,	 from	 the	 Annual	 Population	 Survey,	 which	 contains	 detailed	 socio-
economic	individual	level	data,	as	well	as	each	individual’s	post	code	centroid.	This	allowed	
a	 comprehensive	 dataset	 to	 be	 generated	 by	 merging	 information	 from	 local	 area,	
greenspace	and	individual	sources.	This	study	was	also	able	to	control	for	a	large	range	of	
potentially	 confounding	 factors,	 from	 socio-economic	 status	 to	 health,	 living	 conditions,	




However,	 while	 this	 analysis	 is	 novel	 in	 its	 application	 of	 individual-level,	 rather	 than	
traditional	local	area	level	greenspace,	Euclidean	distance	does	not	take	account	of	actual	
travel	distance,	which	may	simplify	how	close	individuals	are	to	a	greenspace	in	real	terms,	
and	 limit	 the	 interpretation	 somewhat.	 Further,	 greenspace	may	 take	many	 forms,	 from	
parks	to	nature	reserves	and	sports	facilities.	While	the	data	on	greenspace	typology	was	
available	 from	GiGL,	 application	 of	 this	 classification	was	 not	 the	 focus	 of	 this	 research;	
future	analyses	of	different	types	may	reveal	different	associations.	This	project	also	did	not	























reveal	 a	 positive	 association	 between	 greenspace	 around	 homes	 and	 hedonic	 and	


















Nature	 is	 thought	 to	 promote	 positive	 feelings,	 relaxation	 and	 reduced	 stress,	 as	
conceptualised	through	theories	including	Biophilia	[20],	Attention	Restoration	Theory	[25,	
73,	74]	and	the	Stress	Recovery	Theory	 [26,	77];	 these	theories	have	been	validated	by	a	








was	 also	 the	 focus	 of	 projects	 presented	 in	 Chapters	 4	 and	 5.	 Within	 these	 studies,	
greenspace	is	considered	as	a	single	entity,	which	gives	insight	into	greenspace	prevalence	
and	potential	exposure	within	an	individual’s	local	environment,	but	is	naïve	in	its	approach	
to	 the	 composition	 of	 greenspace;	 it	 does	 not	 provide	 evidence	 for	 which	 types	 of	
greenspace,	or	indeed	‘nature’,	are	most	important	for	mental	wellbeing.		
	
Aside	 from	 benefits	 associated	 with	 exposure	 to	 nature,	 greenspace	 may	 also	 promote	
mental	health	benefits	by	providing	a	location	to	pursue	health-promoting	activities,	such	as	
outdoor	sports	facilities	facilitating	exercise	[85],	while	parks	may	be	used	for	socialising	and	
other	activities	 [93].	 Following	evolutionary	 theory,	organisms	 should	be	attracted	 to	 the	
environments	 in	 which	 they	 would	 have	 maximal	 success;	 therefore,	 the	 type	 of	
environment	which	most	benefits	an	individual	may	also	be	influenced	by	their	mood	and	
inclinations	 [32,	75].	 	By	 investigating	associations	between	different	 types	of	greenspace	
and	mental	wellbeing,	 it	may	 be	 possible	 to	 tentatively	 infer	which	mechanisms	may	 be	
		 160	
important	 for	 this	 relationship.	 While	 recent	 years	 have	 seen	 rapid	 urbanisation,	 such	
environments	 have	 been	 traditionally	 designed	 to	 maximise	 aesthetics,	 mobility	 and	
accommodation,	 whereas	 which	 natural	 features	 offer	 the	 greatest	 benefit	 is	 still	 to	 be	
determined	[4].		
	
While	 several	 studies	 have	 begun	 categorising	 greenspace	 in	 an	 effort	 to	 unpick	 this	
association,	many	use	self-derived	classifications	[134,	138,	140],	or	alternatively	compare	
‘natural’	 and	 ‘non-natural’	 environments	 [135,	 139],	 often	 without	 providing	 detailed	
definitions	of	these	terms	[19,	37,	232].	Further,	the	vast	majority	of	studies		have	used	linear	
or	 logistic	 regression,	which	overlook	 the	 importance	of	any	 spatial	 structures	within	 the	
data	[37].	Only	one	study	has	been	found	through	the	systematic	 literature	review	which	
compares	different	types	of	greenspace	 in	association	with	both	hedonic	and	eudaimonic	
wellbeing,	 revealing	 a	 positive	 association	 between	 the	 number	 of	 sports	 facilities	 and	
natural	spaces	within	a	1.6km	Euclidean	buffer	and	WEMWBS	scores	[133];	sports	spaces	

















area.	Studies	of	greenspace	accessibility	 tend	 to	use	 the	Euclidean	measure	 [37,	46,	129,	




Therefore,	 this	 study	 was	 designed	 to	 investigate	 these	 spatial	 variances	 in	 associations	
between	 greenspace	 and	mental	 wellbeing	 in	 London,	 by	measuring	 local	 greenspace	 in	
more	detail,	in	terms	of	actual	travel	distance,	absolute	size,	and	type.		
	
Natural	 England’s	 Accessible	 Natural	 Greenspace	 Standard	 specifies	 that	 all	 individuals	
should	have	available	a	‘natural’	greenspace	of	at	least	2	hectares	in	size	within	a	300m	walk	
of	 their	home,	a	 recommendation	based	on	pilot	schemes,	 surveys	and	walking	patterns.		
Current	 evidence	 suggests	 that	 those	with	 greenspace	within	 a	walking	 distance	 of	 their	
homes	are	more	likely	to	meet	government	recommendations	for	physical	activity	[233],	but	
findings	 for	 potential	 mental	 health	 benefits	 are	 mixed	 and	 inconclusive,	 due	 to	
inconsistencies	in	the	measurement	of	both	greenspace	types	and	wellbeing	[37,	232].	
	







been	 found	 to	as	of	 yet	be	applied	 to	 research	on	mental	wellbeing	 [37].	 This	 study	was	
therefore	designed	to	address	the	final	research	question,	specified	in	Chapter	1:	
	













Data	 were	 drawn	 from	 the	 APS	 2012-2015	 Pooled	 Dataset,	 as	 in	 Chapter	 5	 [217].	 After	












post	 code.	 This	was	 linked	with	 the	Ordnance	 Survey	Open	Roads	 shapefile	 [234],	which	








In	 addition	 to	 the	 sizes	 and	 locations	 implemented	 in	 Chapter	 5	 greenspaces	 are	 also	
assigned	 an	 open	 space	 category,	 according	 to	 the	 UK	 Government’s	 Planning	 Policy	
Guidance	(PPG17)	definitions	[51],	which	is	determined	based	on	site	surveys	conducted	by	
the	 Borough	 councils	 who	 provide	 the	 data	 for	 aggregation	 by	 GiGL	 [104].	 Categories	




Gardens	 (hereafter	 referred	 to	 as	 Parks),	 Natural	 and	 Semi-natural	 Urban	 Greenspaces	
(Natural	 greenspace)	 and	 Outdoor	 Sports	 Facilities	 (Sports)	 were	 considered,	 with	 the	
		 163	





number	 of	 greenspaces	within	 each	 grouping	 and	 provide	 the	most	 informative	 data	 for	
analysis.	Details	of	the	Planning	Guidance	classification	system	are	provided	in	Table	6.1.	
	














































































































































































































parks,	 sports,	 other).	 To	 examine	 spatial	 variation	 in	 these	 greenspace	 indicators,	
geographically	 weighted	 means	 (see	 Chapter	 5)	 of	 local	 accessible	 greenspace	 were	












type,	 LSOA	 level	 population	 density	 and	 finally	 LSOA	 level	 deprivation.	 Statistical	 tests	








Moran’s	 I	 tests	 (see	 Chapter	 5	 for	 a	 full	 description)	 were	 used	 to	 identify	 any	 spatial	
autocorrelations	within	the	residuals	of	the	linear	regressions,	to	examine	the	fit	and	inform	
selection	of	an	appropriate	model;	global	and	local	Moran’s	I	was	calculated	for	the	baseline,	







while	 capturing	 a	 single	 model	 for	 the	 whole	 sample.	 This	 technique	 assumes	 that	 the	
residuals,	rather	than	the	data	variable	structures,	are	influenced	by	their	neighbours	[235].	
A	 semi-variogram	 plot	 of	 residuals	 was	 created	 to	 examine	 the	 appropriateness	 of	 this	
technique,	 by	 observing	 reductions	 in	 spatial	 dependence	 over	 distance,	 as	 the	model	 is	
refined	 from	 original	 data	 and	 linear	 regression	 [236].	 This	 was	 plotted	 for	 the	
autocorrelations	within	the	life	satisfaction	model,	the	OLS	stratified	model,	and	finally	SEM	
stratified	 model,	 to	 examine	 the	 spread	 of	 residuals	 across	 each	 and	 identify	 the	



















(life	 satisfaction,	 worth,	 happiness),	 b0	 is	 the	 calculated	 constant,	 b1	 is	 the	 greenspace	
coefficient,	GS1i	is	the	amount	of	accessible	greenspace	within	a	300m	walk	of	the	individual	
$"%& = 	+8 + +,-!,& + ⋯+9:9& + G&  for < = 1,… , 0 (6.1)	
G& = F"G +	;&		 (6.2)	|F	| ≤ 1 
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i’s	post	code	centroid	and	bmxmi	represents	the	contribution	of	the	potentially	confounding	











the	 accessible	 greenspace	had	been	 calculated.	On	average,	 the	mental	wellbeing	 scores	
were	 fairly	 consistent	 for	 the	 three	 measures,	 with	 worth	 the	 highest	 at	 7.7,	 with	 life	
satisfaction	and	happiness	having	mean	scores	of	7.4	and	7.3,	respectively.	Happiness	had	
the	highest	standard	deviation,	at	2.1.	The	average	amount	of	greenspace	accessible	within	
a	 300m	 walk	 of	 individuals	 homes	 was	 5.93	 hectares,	 with	 a	 reasonably	 high	 standard	
deviation	of	6.01.	The	largest	descriptive	category	was	sports	(outdoor	sports	facilities),	with	











Frequency	 histograms	 display	 the	 spread	 of	 mental	 wellbeing	 scores	 in	 Figure	 6.3a-c.	














Variable	 Value	 n	 Mean(sd)	/	%	
Wellbeing	 Life	Satisfaction	 25,076	 7.4(1.81)	
	 Worth	 25,076	 7.7(1.73)	
	 Happiness	 25,076	 7.3(2.12)	
Age	Group	 16-24	 1,667	 6.6	
	 25-34	 4,979	 19.9	
	 35-44	 5,177	 20.6	
	 45-54	 4,526	 18.0	
	 55-64	 3,568	 14.2	
	 65-74	 3,012	 12.0	
	 75+	 2,147	 8.6	
Sex	 Female	 13,993	 55.8	
Married/Cohabiting	 Yes	 13,361	 53.3	
Ethnicity	 White	 16,747	 66.8	
	 Black	 2,742	 10.9	
	 South	Asian	 2,686	 10.7	
	 Other	Asian	 997	 4.0	
	 Mixed	 472	 1.9	
	 Other	 1,404	 5.6	
Diploma/Degree	 Yes	 10,170	 40.6	
General	Health	 Very	Good	 8,503	 33.9	
	 Good	 10,335	 41.2	
	 Fair	 4,652	 18.6	
	 Poor	 1,225	 4.9	
	 Very	Poor	 361	 1.4	
Economic	Activity	 Employed	 14,772	 58.9	
	 Unemployed	 1,245	 5.0	
	 Inactive	 9,059	 36.1	
Income	Quintiles	 1	 1,988	 7.92	
	 2	 1,936	 7.7	
	 3	 2,054	 8.2	
	 4	 1,873	 7.5	
	 5	 1,958	 7.8	
Housing	Tenure	 Owns	Home	 6,369	 25.4	
Housing	Type	 Detached	 727	 2.9	
	 Semi-Detached	 2,510	 10.0	
	 Terraced	 5,344	 21.3	
	 Flat	 7,454	 29.7	
	 Other	 50	 0.3	




Greenspace	 Total	Area	(ha)	 25,076	 5.9(6.05)	
Natural	Greenspace	 Area	 25,076	 0.5(1.78)	
Parks	 Area	 25,076	 1.1(2.48)	
Sports	 Area	 25,076	 1.2(2.67)	
Other	greenspaces	 Area	 25,076	 3.129(4.2446)	




Due	 to	 the	 large	 standard	 deviations	 of	 the	 greenspace	 variables,	 frequency	 plots	 were	
constructed	to	compare	the	distributions	across	each	type,	revealing	that	most	individuals	
had	 access	 to	 relatively	 little	 greenspace	within	 300m	of	 their	 homes.	 Figure	 6.4a	 shows	
individuals	having	up	to	5	hectares	of	greenspace	accessible	to	them,	with	local	maxima	at	0	










peak	 but	 then	 become	more	 prevalent	 at	 higher	 quantities,	 of	 above	 3ha.	 Distributions	









To	 investigate	 the	 spatial	 distribution	 of	 these	 variables,	 geographically	weighted	means	
were	 calculated	 and	 plotted	 in	 Figures	 6.5	 and	 6.6a-c.	 Geographically	weighted	 statistics	
allow	measures	 of	 local	 variation	 to	 be	 obtained	 from	point	 data,	 such	 as	 the	 individual	
locations	within	this	data.	The	Euclidean	distance	between	neighbouring	points,	within	a	set	














towards	 the	 outskirts	 of	 London.	 Parks	 showed	 a	 similar	 pattern,	 although	 the	 variation	




































































Baseline	 Ordinary	 Least	 Squares	 (OLS)	 regression	 models,	 which	 first	 include	 only	 the	
potentially	confounding	factors	(age,	sex,	marital	status,	ethnicity,	general	health,	education,	












However,	 the	Global	Moran’s	 I	value	was	 slightly	 reduced,	 revealing	 that	 greenspace	did	
account	for	some	of	the	spatial	variation	in	the	data	(6.456e-03).	Repeating	this	process	for	
worth	and	happiness	revealed	similar	patterns	of	slight	reductions	in	the	autocorrelations	













































OLS	models	were	 repeated,	 including	 the	amount	of	greenspace	 stratified	by	 type;	 these	































Unadjusted	Models	 	 	 	 	 	 	 	 	 	
Natural	greenspace	
	
0.034	 <0.001	 0.027	 0.015	 0.068	 0.021	 0.025	 0.013	 0.018	
Park	space	 -0.001	 0.926	 	 0.005	 0.415	 	 -0.008	 0.312	 	
Sports	space	 0.008	 0.209	 	 0.014	 0.015	 	 0.008	 0.257	 	
Fully	Adjusted	Models		 	 	 	 	 	 	 	 	 	
Natural	greenspace	 0.027	 0.001	 0.159	 0.011	 0.151	 0.098	 0.020	 0.035	 0.092	
Park	space	 0.007	 0.109	 	 0.015	 0.015	 	 0.005	 0.521	 	
Sports	space	 0.014	 0.486	 	 0.009	 0.101	 	 -0.004	 0.585	 	



































cluster	 maps	 again	 plotted;	 these	 are	 shown	 in	 Figure	 6.8a-c	 and	 demonstrate	 similar	
patterns	across	 the	 results	 for	 the	 three	wellbeing	measures.	There	are	evidently	 several	
clusters	of	 positive	 and	negative	 significant	 autocorrelations	 in	 the	 residuals,	 highlighting	













































































6.8a-c,	 which	 demonstrates	 that	 the	 addition	 of	 greenspace	 and	 capturing	 of	 spatial	
processes	as	variables	improves	the	capacity	of	the	model	to	control	for	the	spatial	variation	























































Variable	 Value	 B	 SE	 p	
Area	of	Greenspace	 Natural	 0.028	 0.008	 <0.001	
	 Parks	 -0.002	 0.006	 0.794	
	 Sports	 0.006	 0.006	 0.281	
Age	 16-24	,ref	 	 	 	
	 25-34	 -0.245	 0.049	 <0.001	
	 35-44	 -0.425	 0.049	 <0.001	
	 45-54	 -0.582	 0.050	 <0.001	
	 55-64	 -0.194	 0.053	 <0.001	
	 65-74	 0.214	 0.056	 <0.001	
	 over	75	 0.300	 0.061	 <0.001	
Sex	 Female	 0.078	 0.022	 <0.001	
Married/Cohabiting	 Yes	 0.489	 0.023	 <0.001	
Ethnicity	 White	British,	ref	 	 	 	
	 Black	 -0.173	 0.036	 <0.001	
	 South	Asian	 0.178	 0.037	 <0.001	
	 Other	Asian	 0.049	 0.055	 0.375	
	 Mixed	 -0.069	 0.078	 0.377	
	 Other			 0.074	 0.047	 0.117	
Health	 Fair,	ref	 	 	 	
	 Very	Good	 1.037	 0.033	 <0.001	
	 Good	 0.620	 0.031	 <0.001	
	 Poor	 -0.886	 0.054	 <0.001	
	 Very	Poor	 -1.921	 0.092	 <0.001	
Qualifications	 Has	Degree/Diploma	 -0.078	 0.024	 <0.001	
Economic	Activity	 Employed,	ref	 	 	 	
	 Unemployed	 -0.708	 0.055	 <0.001	
	 Inactive	 -0.080	 0.036	 0.025	
Employed	Full-Time	 Yes	 0.012	 0.035	 0.742	
Income,	Quintiles	 1,	ref	 	 	 	
	 2	 -0.157	 0.044	 <0.001	
	 3	 0.002	 0.044	 0.968	
	 4	 0.116	 0.046	 0.011	
	 5	 0.241	 0.046	 <0.001	
Housing	Tenure	 Owns	Home	 0.182	 0.030	 <0.001	
	 Detached,	ref	 	 	 	
	 Semi-detached	 -0.010	 0.071	 0.893	
	 Terraced	 -0.003	 0.068	 0.967	
	 Flat	 -0.073	 0.068	 0.282	
	 Other	 -0.092	 0.066	 0.160	
Population	Density	 	 0.000	 0.000	 0.146	












Variable	 Value	 B	 SE	 p	
Area	of	Greenspace	 Natural	 0.010	 0.008	 0.196	
	 Parks	 0.004	 0.006	 0.555	
	 Sports	 0.010	 0.006	 0.071	
Age	 16-24	,ref	 	 	 	
	 25-34	 -0.160	 0.049	 0.001	
	 35-44	 -0.155	 0.049	 0.001	
	 45-54	 -0.284	 0.050	 <0.001	
	 55-64	 0.112	 0.052	 0.030	
	 65-74	 0.334	 0.055	 <0.001	
	 over	75	 0.267	 0.061	 <0.001	
Sex	 Female	 0.235	 0.022	 <0.001	
Married/Cohabiting	 Yes	 0.341	 0.022	 <0.001	
Ethnicity	 White	British,	ref	 	 	 	
	 Black	 0.103	 0.036	 0.004	
	 South	Asian	 0.131	 0.037	 <0.001	
	 Other	Asian	 0.000	 0.054	 0.999	
	 Mixed	 0.256	 0.077	 0.001	
	 Other			 -0.006	 0.047	 0.893	
Health	 Fair,	ref	 	 	 	
	 Very	Good	 0.803	 0.033	 <0.001	
	 Good	 0.417	 0.030	 <0.001	
	 Poor	 -0.766	 0.054	 <0.001	
	 Very	Poor	 -1.502	 0.090	 <0.001	
Qualifications	 Has	Degree/Diploma	 -0.044	 0.024	 0.067	
Economic	Activity	 Employed,	ref	 	 	 	
	 Unemployed	 -0.554	 0.054	 <0.001	
	 Inactive	 -0.186	 0.035	 <0.001	
Employed	Full-Time	 Yes	 -0.080	 0.035	 0.022	
Income,	Quintiles	 1,	ref	 	 	 	
	 2	 -0.127	 0.043	 0.003	
	 3	 0.019	 0.043	 0.662	
	 4	 0.081	 0.045	 0.074	
	 5	 0.026	 0.045	 0.565	
Housing	Tenure	 Owns	Home	 0.093	 0.029	 0.001	
	 Detached,	ref	 	 	 	
	 Semi-detached	 -0.006	 0.070	 0.932	
	 Terraced	 -0.025	 0.067	 0.704	
	 Flat	 -0.112	 0.067	 0.094	
	 Other	 -0.081	 0.065	 0.212	
Population	Density	 	 0.000	 0.000	 0.483	
Deprivation		 	 -0.001	 0.001	 0.298	







Variable	 Value	 B	 SE	 p	
Area	of	Greenspace	 Natural	 0.023	 0.010	 0.019	
	 Parks	 -0.009	 0.007	 0.210	
	 Sports	 0.007	 0.007	 0.338	
Age	 16-24	,ref	 	 	 	
	 25-34	 -0.125	 0.060	 0.037	
	 35-44	 -0.131	 0.060	 0.029	
	 45-54	 -0.190	 0.061	 0.002	
	 55-64	 0.088	 0.064	 0.166	
	 65-74	 0.475	 0.068	 <0.001	
	 over	75	 0.487	 0.075	 <0.001	
Sex	 Female	 0.025	 0.027	 0.358	
Married/Cohabiting	 Yes	 0.356	 0.028	 <0.001	
Ethnicity	 White	British,	ref	 	 	 	
	 Black	 0.117	 0.044	 0.008	
	 South	Asian	 0.300	 0.045	 <0.001	
	 Other	Asian	 -0.002	 0.067	 0.971	
	 Mixed	 0.075	 0.095	 0.432	
	 Other			 0.006	 0.058	 0.910	
Health	 Fair,	ref	 	 	 	
	 Very	Good	 1.085	 0.040	 <0.001	
	 Good	 0.595	 0.037	 <0.001	
	 Poor	 -0.997	 0.066	 <0.001	
	 Very	Poor	 -1.719	 0.111	 <0.001	
Qualifications	 Has	Degree/Diploma	 -0.059	 0.030	 0.046	
Economic	Activity	 Employed,	ref	 	 	 	
	 Unemployed	 -0.552	 0.067	 <0.001	
	 Inactive	 -0.067	 0.043	 0.124	
Employed	Full-Time	 Yes	 -0.048	 0.043	 0.257	
Income,	Quintiles	 1,	ref	 	 	 	
	 2	 -0.093	 0.053	 0.080	
	 3	 -0.010	 0.053	 0.859	
	 4	 -0.061	 0.056	 0.274	
	 5	 -0.035	 0.056	 0.528	
Housing	Tenure	 Owns	Home	 0.090	 0.036	 0.012	
	 Detached,	ref	 	 	 	
	 Semi-detached	 0.005	 0.086	 0.956	
	 Terraced	 0.040	 0.082	 0.630	
	 Flat	 0.008	 0.082	 0.919	
	 Other	 0.006	 0.080	 0.944	
Population	Density	 	 0.000	 0.000	 0.232	




was	 found	 to	 be	 the	 strongest,	 a	 semi-variogram	 displaying	 the	 improvement	 of	 spatial	
variance	 patterns	 in	 the	 data	 was	 created,	 thereby	 demonstrating	 the	 suitability	 of	 the	
spatial	 error	 regression	 in	 modelling	 this	 relationship.	 	 Figure	 6.10	 displays	 the	 semi-
variogram	of	the	results	of	the	original	data	(life	satisfaction	variable),	the	residuals	of	the	
fully	adjusted	OLS	model	of	greenspace	type,	and	finally	the	residuals	of	the	fully	adjusted	
SE	model	 of	 greenspace	 type.	 This	 graph	plots	 the	 average	difference	 in	 residuals	 as	 the	
distance	 between	 two	 points	 increases,	 thereby	 representing	 the	 degree	 of	 spatial	
dependence	 within	 the	 model	 results	 [236].	 In	 line	 with	 the	 examination	 of	 Moran’s	 I	





























In	 Chapter	 5,	 a	 study	 on	 greenspace	within	 300m	 of	 individuals	 revealed	 a	 positive	 and	
statistically	 significant	 association	 with	 mental	 wellbeing,	 although	 results	 of	 a	
Geographically	Weighted	Regression	model	revealed	that	the	strength,	and	in	some	places	
the	direction,	of	this	correlation	differed	across	London.	It	was	speculated	that	this	spatial	
variation	 may	 be	 partly	 explained	 by	 the	 distribution	 of	 distinctive	 types	 of	 greenspace	
available	 in	 different	 areas	 of	 the	 city.	 Previous	 research	 has	 examined	 the	 association	
between	 various	 green	qualities	 and	health,	 using	bespoke	 classification	 systems,	 usually	
designed	in	relation	to	a	specific	research	question	[37]	and	only	one	study	has	been	found	
























[153].	 It	 may	 therefore	 be	 interesting	 for	 future	 studies	 to	 examine	 different	 size	
greenspaces	and	compare	findings	across	these.		
	
Using	 three	 mental	 wellbeing	 measures,	 from	 the	 UK’s	 Annual	 Population	 Survey,	
associations	 were	 modelled	 for	 the	 amount	 of	 greenspace,	 both	 in	 total	 and	 stratified	
according	to	type	(natural,	parks,	sports),	with	life	satisfaction,	worth	and	happiness.		
	
After	 studying	 the	 residual	 errors	 of	 preliminary	 linear	 regression	models	 and	 identifying	
significant	autocorrelations,	 Spatial	Error	 (SE)	models	were	used	 to	account	 for	 the	 slight	
clustering	within	the	data.	This	subset	of	Simultaneous	Autoregressive	Modelling	assumes	
that	the	spatial	patterning	of	the	response	variable	is	not	predicted	by	the	input	explanatory	
variables,	but	 is	 instead	related	to	spatial	 locations;	 it	outputs	a	further	spatial	regression	
coefficient	 which	 adjusts	 for	 the	 clustering,	 indicating	 the	 strength	 and	 direction.	 This	
technique	 therefore	 has	 the	 advantage	 of	modelling	 second-order	 spatial	 processes	 and	
allowing	one	set	of	model	parameters	to	be	obtained	for	the	whole	sample.	Results	of	the	
SE	 models	 revealed	 that	 access	 to	 natural	 greenspace	 was	 positively	 and	 statistically	
significantly	 associated	 with	 both	 life	 satisfaction	 and	 happiness;	 no	 other	 significant	
associations	were	identified.	The	autoregressive	parameter,	F,	indicated	small	but	significant	













Further	 research	 is	 therefore	 required	 to	 examine	 the	 relationship	 between	 greenspace	
characteristics	 and	 eudaimonic	 wellbeing	 in	 particular,	 to	 deepen	 understanding	 of	 why	
findings	 vary	when	greenspace	 is	measured	 in	different	ways.	 It	 could	be	 suggested	 that	













be	 associated	 with	 mental	 wellbeing,	 the	 eudaimonic	 dimension	 in	 particular,	 while	





With	 Natural	 England	 recommending	 natural	 greenspace	 to	 be	 included	 close	 to	 urban	
residents’	homes,	 this	 is	believed	to	be	the	 first	study	to	 test	 this	guideline	by	examining	
associations	 between	 different	 types	 of	 accessible	 greenspace,	 within	 a	 300m	 walking	
distance	of	 individuals.	This	study	benefited	from	the	 inclusion	of	a	strategic	and	 justified	
classification	of	greenspace	types,	allowing	quantities	of	natural	greenspace	to	be	compared	




















probability	 of	 residual	 values	 to	 be	 similar	 to	 the	 ones	 in	 neighbouring	 locations.	While	
enabling	detailed	individual-level	analyses	to	be	performed,	other	methods,	such	as	Floating	

















Although	 restricted	 to	 London,	 this	 analysis	 benefitted	 from	 a	 large	 sample	 size	 of	 over	
25,000	 individuals,	 from	 the	 Annual	 Population	 Survey,	 which	 contains	 detailed	 socio-
economic	individual	level	data,	as	well	as	each	individual’s	post	code	centroid.	This	allowed	
a	 comprehensive	 dataset	 to	 be	 generated	 by	 merging	 information	 from	 local	 area,	
greenspace	and	individual	sources.	This	study	was	also	able	to	control	for	a	large	range	of	
potentially	 confounding	 factors,	 from	 socio-economic	 status	 to	 health,	 living	 conditions,	









eudaimonia.	 Future	 research	 may	 therefore	 benefit	 from	 including	 greater	 numbers	 of	












the	 generalisability	 of	 these	 outcomes.	 Further,	 by	 considering	 the	 size,	 type	 and	 travel	
distance	of	greenspace	within	one	analysis,	this	does	not	allow	for	direct	comparisons	with	
the	results	of	Chapter	5,	where	greenspace	within	a	Euclidean,	rather	than	network,	buffer	
was	 evaluated.	 While	 more	 challenging	 to	 accomplish,	 future	 analyses	 which	 include	












The	UK	Government	 recommends	 that	 individuals	should	be	provided	with	an	accessible,	





wellbeing	 indicators	 of	 life	 satisfaction	 and	 happiness;	 associations	 with	 other	 types	 of	
greenspace	were	 not	 statistically	 significant.	 No	 associations	were	 found	 for	 eudaimonic	
wellbeing.	 	 Spatial	 Error	 models	 were	 applied,	 to	 account	 for	 the	 second-order	 spatial	
clustering	within	the	data,	enabling	robust	estimations	of	these	associations	to	be	calculated,	
revealing	slight	but	significant	underlying	geospatial	processes	within	the	structure	of	 the	
data.	 The	 field	 would	 benefit	 from	 future	 studies	 which	 examine	mental	 wellbeing,	 and	




















































in	 which	 greenspace	 is	 commonly	 studied	 were	 identified:	 (a)	 amount	 of	 local	 area	
greenspace	 (most	 commonly	 the	 proportion	 of	 local	 areas	 covered	 by	 greenspace);	 (b)	
greenspace	type;	(c)	views	of	greenspace;	(d)	visits	to	greenspace;	(e)	accessibility	(proximity	
to	 greenspaces	 and	 self-reported	 ‘access’);	 and	 (f)	 subjective	 connection	 to	 nature.		
However,	 while	 local	 area	 greenspace	 was	 found	 to	 be	 adequately	 associated	 with	 life	
satisfaction,	 the	 evidence	 for	 the	 remaining	 characterisations	 of	 greenspace	 was	 either	
limited	or	insufficient.	Although	the	evidence	is	currently	not	sufficient	or	specific	enough	to	
guide	 planning	 decisions,	 this	 review	 highlighted	 the	 need	 to	 examine	multidimensional	
wellbeing	measures	and	greenspace	at	an	individual	level.	There	is	also	a	gap	in	knowledge	






and	mental	 distress,	 as	 well	 as	 life	 satisfaction,	 but	 no	 studies	 had	 previously	 examined	
multidimensional	mental	wellbeing	at	a	national	level	[37].	The	majority	of	studies	have	also	
examined	 only	 urban	 or	 rural	 environments,	 not	 comparing	 across	 these;	 therefore,	 this	
Chapter	was	designed	to	study	these	differences	by	further	stratifying	by	urban	and	rural	





was	 not	 statistically	 significant.	 Despite	 some	 evidence,	 as	 presented	 in	 Chapter	 3,	 that	
		 202	
greenspace	 may	 be	 associated	 with	 mental	 wellbeing,	 the	 analysis	 suggests	 that	 these	
associations	could	not	be	detected	at	LSOA	 level,	due	to	the	 imposition	of	arbitrary,	data	






individual-level	 associations	 to	 be	 analysed.	 Using	 a	 Euclidean	 buffer,	 the	 amount	 of	




so	 Geographically	 Weighted	 Regression	 (GWR)	 models	 were	 used	 to	 adjust	 for	 these	
geospatial	patterns	and	allow	the	strength	of	the	associations	to	vary	across	the	study	space.	
The	 strongest,	 positive	 associations	 were	 detected	 for	 life	 satisfaction	 and	 were	 slightly	
lower	 with	 worth	 and	 again	 for	 happiness,	 although	 each	 association	 was	 statistically	
significant.	Spatially	plotting	 these	 results	 showed	slight	variation	 in	 the	strength	 (and,	 in	
some	 small	 areas,	 the	direction)	of	 associations	across	 London,	 implying	 that	 greenspace	
may	be	more	important	for	mental	wellbeing	in	some	areas	than	others.	This	variation	may	

















Error	 Models	 were	 applied,	 allowing	 the	 residuals	 to	 cluster.	 Having	 access	 to	 greater	
amounts	of	natural	 greenspace	was	again	 significantly	 associated	with	 improved	hedonic	
wellbeing	 (life	 satisfaction	 and	 happiness),	 but	 not	 eudaimonic	wellbeing	 (worth).	 In	 this	





of	 designing	 and	maintaining	 urban	 greenspaces	 for	 potential	mental	wellbeing	 benefits,	











Taking	 inspiration	 from	 both	 the	 health	 services	 and	 geoinformatics	 literature,	 it	 was	
possible	 to	 examine	 greenspace	 accessibility	 using	 spatial	 tools,	 demonstrating	 the	
importance	of	looking	beyond	an	individual	scientific	field	to	select	the	appropriate	analytical	
methods	and	maximise	the	implications	of	research.	While	urban	science	has	traditionally	
been	 an	 interdisciplinary	 sphere,	 concerned	 with	 the	 intricacies	 of	 modern	 society	 and	
infrastructure,	 studies	 of	 urban	 health	 have	mainly	 focussed	 on	 simple,	 area-aggregated	
associations	between	land	use	and	wellbeing	indicators.	The	combination	of	health	science	
concepts	and	spatial	methods	is	therefore	novel	in	that	it	draws	together	an	understanding	
of	 the	 multidimensional	 nature	 of	 individual	 wellbeing,	 amenity	 provision	 and	 the	




The	 discovery	 of	 statistically	 significant,	 positive	 associations	 between	 greenspace	 and	
multidimensional	mental	wellbeing	at	the	individual	level,	but	not	local	area,	highlights	the	
potential	difficulties	encountered	when	aggregating	residents	to	arbitrary	boundaries	which	
do	 not	 adequately	 represent	 a	 neighbourhood	 living	 environment.	 This	 is	 known	 as	 the	
Modifiable	 Areal	 Unit	 Problem,	 which	 states	 that	 any	 spatially	 summed	 values	 will	 be	
influenced	by	both	the	shape	and	the	scale	of	the	grouping	unit	[197].	In	the	context	of	this	
thesis,	this	reinforces	the	necessity	of	data	which	describes	the	lifestyles	of	residents	to	be	






regards	 to	 the	 urban	 environment,	 this	 research	 provides	 evidence	 for	mental	wellbeing	
outcomes,	measured	using	multidimensional,	validated	scales.	Further,	it	was	also	possible	
to	 address	 potential	 differences	 in	 outcomes	 for	 hedonic	 and	 eudaimonic	 dimensions	 of	
wellbeing.	The	literature	on	therapeutic	landscapes	suggests	that	some	environments	may	
not	only	 improve	symptoms	of	 ill-health,	but	also	have	salutogenic	effects	on	 individuals.	
While	 the	 optimal	 healing	 landscape	may	 vary	 for	 different	 people,	 the	 research	 herein	
thereby	 demonstrates	 that	 greenspace,	 and	 natural	 greenspace	 in	 particular,	 might	 be	
therapeutic	at	a	societal	level,	helping	to	reduce	health	inequalities.		
	

































In	 Chapter	 5,	 the	 recommendation	 that	 greenspace	 should	 be	 available	 within	 300m	 of	
homes	was	examined	using	Euclidean	buffers,	providing	evidence	that	this	distance	revealed	
the	 strongest	 associations	with	mental	wellbeing,	 and	may	 therefore	 offer	 a	 solution	 for	





Planning	 Policy	 Guidance	 greenspace	 categories	 for	 analyses	 of	 associations	 between	
provision	 and	 mental	 wellbeing.	 Natural	 England	 recommend	 provision	 of	 natural	















In	 Chapter	 4,	 LSOA-level	 data	 was	 available	 for	 individuals	 and	 greenspace	 prevalence;	
Chapters	 5	 and	 6	 extended	 the	 accuracy	 of	 this	 analysis	 by	 examining	 the	 locations	 of	
individual	post	codes	and	greenspaces.	As	data	was	not	available	for	the	specific	residence,	
locations	 were	 assumed	 at	 the	 post	 code	 centroid.	 Although	 this	 is	 typically	 the	 most	
granular	level	of	data	available	within	the	UK,	it	may	under-	or	over-estimate	distances	when	
estimating	surrounding	greenspace.	In	Chapter	6,	when	calculating	the	network	distance	to	
greenspace	boundaries,	 the	 study	was	not	 able	 to	 account	 for	 greenspace	 access	points,	
meaning	that	travel	distances	may	also	be	slightly	misinterpreted.	While	the	boundary	was	
sufficient	for	this	study,	 it	does	somewhat	simplify	the	issue	of	accessibility	and	therefore	
provides	potential	 for	 future	 research	 to	obtain	 this	 information	and	 investigate	whether	
associations	may	differ.	Accessibility	is	also	assumed	based	on	travel	distance,	which	does	


























Mental	 wellbeing	 is	 a	 multidimensional	 concept	 encompassing	 aspects	 of	 hedonia	 and	









potentially	 confounding	 factors,	 there	 may	 be	 further	 variables,	 such	 as	 individual	
personality	 traits	or	personal	 connection	 to	nature,	which	may	cause	some	 individuals	 to	
benefit	from	greenspace	more	greatly	than	others,	or	indeed	lead	to	an	inverse	association.	
The	Prospect-Refuge	theory	of	evolution	suggests	that	individuals	may	have	a	preference	for	




enclosed,	 protected	 spaces	 (refuge),	which	might	 provide	 a	 sense	 of	 safety	 and	 reduced	
stress	 [32].	 Therefore,	 while	 availability	 of	 urban	 greenspace	may	 have	 the	 potential	 to	
promote	wellbeing,	 the	 type	 of	 environment	which	 is	most	 beneficial	 could	 be	 different	
according	 to	 the	 individual	 themselves,	 as	well	 as	 their	 current	 state	of	mind.	While	 this	
		 208	




Further,	 with	 urbanisation	 expanding	 and	 evolving,	 preferences	 and	 trends	 with	 urban	
greenspace	may	also	change	over	time.	While	the	research	presented	herein	suggests	that	
natural	 greenspace	may	 be	most	 beneficial	 to	mental	 wellbeing,	 new	 constructions	 and	









activities	which	benefit	mental	wellbeing,	 such	as	physical	 activity	and	 social	 interactions	
[40].	 However,	 the	 final	 study	 within	 this	 thesis	 did	 not	 find	 statistically	 significant	




factor	mediates	 the	 association	 between	 greenspace	 and	mental	wellbeing.	 Future	work	
should	 investigate	 these	mechanisms,	 in	order	 to	 identify	how	greenspaces	may	 improve	
wellbeing	 and	 make	 recommendations	 for	 the	 inclusion	 and	 use	 of	 space	 in	 urban	
environments.	
	
Spatial	 differences	 in	 associations	 between	 greenspace	 and	 mental	 wellbeing	 were	
considered,	 particularly	 in	 Chapter	 5,	 although	 this	 method	 still	 assumes	 that	 it	 is	 the	
differences	within	the	environmental	features,	as	opposed	to	between	individuals,	which	is	






critical	 points	 in	 the	 life	 course	 [13].	 The	 studies	 in	 subsequent	 chapters	 did	 not	 stratify	
models	by	demographic	or	consider	interactions	with	these	factors.	It	is	possible	that	some	




with	one’s	 inclinations,	 as	 suggested	by	Mealey	 and	Theis	 [32].	 Converseley,	 research	by	
Collins	and	Kearn	has	demonstrated	some	spaces	may	be	both	healthy	and	unhealthy	at	the	
same	time,	depending	on	the	opinions	and	feelings	of	specific	visitors	[237].	For	example,	





certain	 configurations	 of	 greenspace	 may	 evoke	 negative	 emotions;	 for	 example,	 dense	
woodlands	may	appear	to	some	intimidating,	or	else	require	tiring,	directed	attention	where	
pathways	 are	 uneven	 or	 tree	 roots	 present	 trip	 hazards	 [204].	 Other	 spaces	 which	 are	
isolated,	dark	or	untended	may	appear	to	some	unsafe	and	therefore	discourage	use	[93,	




cause	 certain	 individuals	 to	 feel	 marginalised	 or	 unwelcome	 in	 certain	 greenspaces,	
particularly	those	decided	to	facilitate	exercise;	this	could	lead	to	negative	associations	with	













for	nature	may	be	more	 likely	 to	move	 to	a	greener	area,	 spend	more	 time	 in	 their	 local	
greenspace,	 or	 value	 greenspace	 more	 highly	 than	 others.	 Adjusting	 for	 income	 and	
deprivation	 within	 the	 analyses	 may	 begin	 to	 address	 these	 concerns,	 although	 the	




































Greenspace	 usage	 patterns	 and	 indicators	 of	 quality	 and	 facilities	may	 also	 help	 explain	
which	features	and	habits	may	be	most	beneficial.	Studies	of	potential	mechanisms,	such	as	
the	 use	 of	 greenspace	 for	 activities	 including	 physical	 exercise,	 social	 interaction	 and	
relaxation	may	provide	further	insight	into	how	individuals	gain	mental	wellbeing	benefits	
from	 using	 or	 being	 exposed	 to	 urban	 greenspaces.	 In	 addition,	 greenspace	 accessibility	
should	be	further	characterised	by	designing	studies	which	allow	different	indicators,	such	
as	Euclidean	and	network	distance,	to	be	directly	compared.	Mediating	factors,	such	as	life	








or	 undertaking	 new	 habits	 through	 the	 use	 of	 greenspace,	 are	 recommended	 to	 begin	
investigating	the	issue	of	causality.	It	may	be	possible	to	observe	how	individual	wellbeing	











is	 at	 a	 premium.	 It	 is	 therefore	 imperative	 that	 health-promoting	 features	 within	 such	
environments	 are	 designed	 according	 to	 evidence-based	 recommendations,	 to	
accommodate	increasing	numbers	of	residents	in	an	effective	and	positive	way.		
	
This	 thesis	 has	 expanded	 the	 field	 of	 health	 and	 wellbeing	 in	 the	 built	 environment	 by	
exploring	the	relationship	between	greenspace	and	mental	wellbeing.	 In	addressing	the	4	
research	 questions	 outlined	 above,	 it	 has	 been	 possible	 to	 identify	 and	 investigate	
characteristics	of	urban	greenspaces	which	may	have	salutogenic	effects	on	individual-level	
mental	health.	These	questions	were	addressed	through	individual	chapters,	after	Chapter	2	







data.	 To	 overcome	 this	 limitation,	 the	 amount	 of	 greenspace	within	 300m	of	 individuals	
homes	 was	 calculated,	 revealing	 a	 positive	 and	 statistically	 significant	 association	 with	
mental	 wellbeing,	 a	 result	 which	 varied	 in	 strength	 across	 London,	 according	 to	
Geographically	Weighted	Regression	models.	This	analysis	was	extended	by	then	measuring	






mental	 wellbeing,	 being	 the	 first	 studies	 to	 examine	 Natural	 England’s	 planning	
recommendations	 for	potential	associations	with	mental	wellbeing.	These	 results	provide	
evidence	 that	 greenspace	 is	 associated	 with	 improved	 mental	 wellbeing	 scores,	 when	
studied	at	 the	 individual	 level.	The	strength	of	 these	associations	may	 further	depend	on	
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300m	 0.601	 0.037	 0.013	 0.874	 0.002	 0.020	 0.299	 0.382	 0.005	
300m,	adjusted	
	
0.914	 0.001	 0.388	 0.721	 0.009	 0.307	 0.508	 0.142	 0.288	
500m		 0.287	 0.008	 0.017	 0.421	 <0.001	 0.025	 0.178	 0.166	 0.009	
500m,	adjusted	
	
0.344	 0.001	 0.387	 0.282	 0.008	 0.307	 0.204	 0.126	 0.288	
1km		 0.060	 0.054	 0.012	 0.088	 0.003	 0.019	 0.045	 0.227	 0.008	
1km,			adjusted	 0.025	 0.827	 0.387	 0.007	 0.819	 0.308	 0.011	 0.763	 0.288	
Table	A.1:	Summary	of	Results	and	Greenspace	Coefficients	for	Unadjusted	and	Fully	Adjusted	OLS	Associations	



















300m	 0.4840	 <0.001	 0.012	 0.8212	 <0.001	 0.010	 0.2985	 <0.001	 0.010	
300m,	adjusted	 0.8034	 <0.001	 0.305	 0.7398	 <0.001	 0.170	 0.5208	 <0.001	 0.136	
500m		 0.2934	 <0.001	 0.012	 0.4089	 <0.001	 0.010	 0.1649	 <0.001	 0.010	
500m,	adjusted	 0.3300	 <0.001	 0.305	 0.2922	 <0.001	 0.170	 0.1682	 <0.001	 0.136	
1000m		 0.0918	 <0.001	 0.011	 0.1070	 <0.001	 0.009	 0.0542	 <0.001	 0.009	
1000m,			
adjusted	
0.0421	 <0.001	 0.305	 0.0261	 <0.001	 0.170	 0.0077	 <0.001	 0.137	
Table	A.2	Summary	of	Results	and	Greenspace	Coefficients	for	Unadjusted	and	Fully	Adjusted	GWR	Associations	









































LIFE SATISFACTION, 500m 
 
 
Variable Value Global B p 
Greenspace 500m  0.8034	 <0.001	
Age 16-24, as ref 	 	
 25-34 -0.3296	 <0.001	
 35-44 -0.5181	 <0.001	
 45-54 -0.6633	 <0.001	
 55-64 -0.2554	 <0.001	
 65-75 0.1841	 <0.001	
 over 75 0.3064	 <0.001	
Sex Male, as ref 	 	
 Female 0.0918	 <0.001	
Married/Cohabiting No, as ref 	 	
 Yes 0.4826	 <0.001	
Ethnicity White, as ref 	 	
 Other Asian 0.0592	 <0.001	
 Black -0.1983	 <0.001	
 Mixed -0.109	 <0.001	
 Other 0.0535	 <0.001	
 South Asian 0.1707	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
 Poor 1.083	 <0.001	
 Fair 1.9515	 <0.001	
 Good 2.5822	 <0.001	
 Very Good 2.9968	 	
Qualifications No degree, as ref 	 	
 Degree/Diploma -0.0736	 <0.001	
Economic Activity Employed, as ref 	 	
 Economically Inactive -0.0915	 <0.001	
 Employed -0.7221	 <0.001	
Full Time Employment No, as ref 	 	
 Yes 0.0098	 <0.001	
Income, Quintiles 1st -0.127	 <0.001	
 2nd -0.1125	 <0.001	
 3rd -0.0367	 <0.001	
 4th 0.0984	 <0.001	
 5th 0.2218	 <0.001	
Living with Children No, as ref 	 	
 Yes 0.0429	 <0.001	
Housing Tenure 
Does not own current home, as ref 
	 	
 Owns current home 0.1653	 <0.001	
Housing Type Detached, as ref 	 	
 Flat -0.0694	 <0.001	
 Other -0.0852	 <0.001	
 Semi Detached -0.0263	 0.781	
 Terraced -0.0136	 <0.001	
Population Density  0.0006	 <0.001	
Deprivation  -0.0019	 <0.001	










































LIFE SATISFACTION, 1000m 
 
 
Variable Value Global B p 
Greenspace 1000m  0.0412	 <0.001	
Age 16-24, as ref 	 	
 25-34 -0.3283	 <0.001	
 35-44 -0.5171	 <0.001	
 45-54 -0.6624	 <0.001	
 55-64 -0.2547	 <0.001	
 65-75 0.1844	 <0.001	
 over 75 0.3078	 <0.001	
Sex Male, as ref 	 	
 Female 0.092	 <0.001	
Married/Cohabiting No, as ref 	 	
 Yes 0.4825	 <0.001	
Ethnicity White, as ref 	 	
 Other Asian 0.0603	 <0.001	
 Black -0.1969	 <0.001	
 Mixed -0.1088	 <0.001	
 Other 0.0528	 <0.001	
 South Asian 0.1684	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
 Poor 1.0834	 <0.001	
 Fair 1.9516	 <0.001	
 Good 2.5823	 <0.001	
 Very Good 2.9974	 <0.001	
Qualifications No degree, as ref 	 	
 Degree/Diploma -0.0736	 <0.001	
Economic Activity Employed, as ref 	 	
 Economically Inactive -0.0921	 <0.001	
 Employed -0.7218	 <0.001	
Full Time Employment No, as ref 	 	
 Yes 0.01	 <0.001	
Income, Quintiles 1st -0.1276	 <0.001	
 2nd -0.1135	 <0.001	
 3rd -0.0358	 <0.001	
 4th 0.0981	 <0.001	
 5th 0.2221	 <0.001	
Living with Children No, as ref 	 	
 Yes 0.043	 <0.001	
Housing Tenure 
Does not own current home, as ref 
	 	
 Owns current home 0.1652	 <0.001	
Housing Type Detached, as ref 	 	
 Flat -0.0699	 <0.001	
 Other -0.0873	 <0.001	
 Semi Detached -0.0291	 0.2453	
 Terraced -0.0168	 <0.001	
Population Density  0.0005	 0.3943	
Deprivation  -0.0016	 <0.001	









































Variable Value Global B p 
Greenspace 500m  0.2922	 <0.001	
Age 16-24, as ref 	 	
 25-34 -0.1883	 <0.001	
 35-44 -0.2465	 <0.001	
 45-54 -0.3153	 <0.001	
 55-64 0.1398	 <0.001	
 65-75 0.3874	 <0.001	
 over 75 0.367	 <0.001	
Sex Male, as ref 	 	
 Female 0.2297	 <0.001	
Married/Cohabiting No, as ref 	 	
 Yes 0.2845	 <0.001	
Ethnicity White, as ref 	 	
 Other Asian -0.0647	 <0.001	
 Black 0.0443	 <0.001	
 Mixed 0.1715	 <0.001	
 Other -0.0398	 <0.001	
 South Asian 0.0928	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
 Poor 0.8596	 <0.001	
 Fair 1.5884	 <0.001	
 Good 2.0185	 <0.001	
 Very Good 2.3917	 <0.001	
Qualifications No degree, as ref 	 	
 Degree/Diploma -0.0158	 <0.001	
Economic Activity Employed, as ref 	 	
 Economically Inactive -0.1223	 <0.001	
 Employed -0.5083	 <0.001	
Full Time Employment No, as ref 	 	
 Yes -0.0051	 <0.001	
Income, Quintiles 1st -0.0241	 <0.001	
 2nd -0.0638	 <0.001	
 3rd 0.0184	 <0.001	
 4th 0.0611	 <0.001	
 5th 0.0418	 <0.001	
Living with Children No, as ref 	 	
 Yes 0.2532	 <0.001	
Housing Tenure 
Does not own current home, as ref 
	 	
 Owns current home 0.1078	 <0.001	
Housing Type Detached, as ref 	 	
 Flat -0.1248	 <0.001	
 Other -0.0887	 <0.001	
 Semi Detached -0.0615	 <0.001	
 Terraced -0.0448	 <0.001	
Population Density  0.0002	 0.0194	










































Variable Value Global B p 
Greenspace 1000m  0.0261	 <0.001	
Age 16-24, as ref 	 	
 25-34 -0.1874	 <0.001	
 35-44 -0.2458	 <0.001	
 45-54 -0.314	 <0.001	
 55-64 0.1412	 <0.001	
 65-75 0.3881	 <0.001	
 over 75 0.3681	 <0.001	
Sex Male, as ref 	 	
 Female 0.2301	 <0.001	
Married/Cohabiting No, as ref 	 	
 Yes 0.2845	 <0.001	
Ethnicity White, as ref 	 	
 Other Asian -0.0647	 0.0554	
 Black 0.0449	 <0.001	
 Mixed 0.1701	 <0.001	
 Other -0.0411	 <0.001	
 South Asian 0.0894	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
 Poor 0.8594	 <0.001	
 Fair 1.5885	 <0.001	
 Good 2.0185	 <0.001	
 Very Good 2.3918	 <0.001	
Qualifications No degree, as ref 	 	
 Degree/Diploma -0.0165	 <0.001	
Economic Activity Employed, as ref 	 	
 Economically Inactive -0.1223	 <0.001	
 Employed -0.5074	 <0.001	
Full Time Employment No, as ref 	 	
 Yes -0.0049	 <0.001	
Income, Quintiles 1st -0.024	 <0.001	
 2nd -0.0649	 <0.001	
 3rd 0.0187	 <0.001	
 4th 0.0604	 <0.001	
 5th 0.0414	 <0.001	
Living with Children No, as ref 	 	
 Yes 0.2542	 <0.001	
Housing Tenure 
Does not own current home, as ref 
	 	
 Owns current home 0.1082	 <0.001	
Housing Type Detached, as ref 	 	
 Flat -0.1282	 <0.001	
 Other -0.0921	 <0.001	
 Semi Detached -0.0644	 <0.001	
 Terraced -0.0486	 <0.001	
Population Density  0.0001	 0.0194	












































Variable Value Global B p 
Greenspace 500m  0.1682	 <0.001	
Age 16-24, as ref 	 	
 25-34 -0.1303	 <0.001	
 35-44 -0.1813	 <0.001	
 45-54 -0.2315	 <0.001	
 55-64 0.0930	 <0.001	
 65-75 0.4729	 <0.001	
 over 75 0.5099	 <0.001	
Sex Male, as ref 	 	
 Female 0.0274	 <0.001	
Married/Cohabiting No, as ref 	 	
 Yes 0.3699	 <0.001	
Ethnicity White, as ref 	 	
 Other Asian 0.1111	 0.0554	
 Black 0.0970	 <0.001	
 Mixed -0.1031	 <0.001	
 Other 0.0382	 <0.001	
 South Asian 0.2372	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
 Poor 0.9837	 <0.001	
 Fair 1.8973	 <0.001	
 Good 2.4758	 <0.001	
 Very Good 2.9740	 <0.001	
Qualifications No degree, as ref 	 	
 Degree/Diploma -0.0578	 <0.001	
Economic Activity Employed, as ref 	 	
 Economically Inactive 0.0402	 <0.001	
 Employed -0.3321	 <0.001	
Full Time Employment No, as ref 	 	
 Yes 0.0290	 <0.001	
Income, Quintiles 1st 0.0847	 <0.001	
 2nd -0.0461	 <0.001	
 3rd -0.0087	 <0.001	
 4th -0.0869	 <0.001	
 5th 0.0038	 0.3710	
Living with Children No, as ref 	 	
 Yes 0.0569	 <0.001	
Housing Tenure 
Does not own current home, as ref 
	 	
 Owns current home 0.0694	 <0.001	
Housing Type Detached, as ref 	 	
 Flat -0.0113	 0.0034	
 Other 0.0283	 <0.001	
 Semi Detached 0.0295	 <0.001	
 Terraced 0.0456	 <0.001	
Population Density  0.0006	 <0.001	






































Variable Value Global B p 
Greenspace 1000m  0.0077	 <0.001	
Age 16-24, as ref 	 	
 25-34 -0.1297	 <0.001	
 35-44 -0.1808	 <0.001	
 45-54 -0.2305	 <0.001	
 55-64 0.094	 <0.001	
 65-75 0.4734	 <0.001	
 over 75 0.5107	 <0.001	
Sex Male, as ref 	 	
 Female 0.0276	 <0.001	
Married/Cohabiting No, as ref 	 	
 Yes 0.3699	 <0.001	
Ethnicity White, as ref 	 	
 Other Asian 0.1107	 <0.001	
 Black 0.0971	 <0.001	
 Mixed -0.1041	 <0.001	
 Other 0.0372	 <0.001	
 South Asian 0.2348	 <0.001	
General	Health	 Very	Poor,	as	ref	 	 	
 Poor 0.9834	 <0.001	
 Fair 1.8972	 <0.001	
 Good 2.4757	 <0.001	
 Very Good 2.9739	 <0.001	
Qualifications No degree, as ref 	 	
 Degree/Diploma -0.0583	 <0.001	
Economic Activity Employed, as ref 	 	
 Economically Inactive 0.0403	 <0.001	
 Employed -0.3315	 <0.001	
Full Time Employment No, as ref 	 	
 Yes 0.0291	 <0.001	
Income, Quintiles 1st 0.0849	 <0.001	
 2nd -0.0467	 <0.001	
 3rd -0.0085	 <0.001	
 4th -0.0873	 <0.001	
 5th 0.0035	 0.5876	
Living with Children No, as ref 	 	
 Yes 0.0577	 <0.001	
Housing Tenure 
Does not own current home, as ref 
	 	
 Owns current home 0.0697	 <0.001	
Housing Type Detached, as ref 	 	
 Flat -0.0141	 0.0050	
 Other 0.0258	 <0.001	
 Semi Detached 0.0274	 <0.001	
 Terraced 0.0428	 <0.001	
Population Density  0.0005	 <0.001	
Deprivation  -0.0025	 <0.001	
Table	A.8	Results	of	Fully	Adjusted	Geographically	Weighted	Regression	Model	for	Happiness	and	
Greenspace	within	1000m	
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a	
Figure	B.1a	LISA	cluster	m
aps	of	the	residuals	of	null	m
odels	
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Figure	B.1b	LISA	cluster	m
aps	of	the	residuals	of	null	m
odels	
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c	
Figure	B.1c	LISA	cluster	m
aps	of	the	residuals	of	null	m
odels	
